MULTIPLE  MYELOMA:  A  HISTOLOGICAL  COM¬ 
PARISON  OF  SIX  CASES.^ 


By  henry  a.  CHRISTIAN,  M.D.,  Boston. 

Plates  IX-XIL 

The  salient  features  of  the  clinical  history  and  pathological  anat¬ 
omy  of  multiple  myeloma  are  at  the  present  time  very  generally 
recognized  and  need  not  be  reiterated  in  this  place.  The  finer 
histology,  especially  the  nature  of  the  cells  composing  the  tumor, 
is  still  a  matter  of  discussion.  The  variety  of  opinions  existing  as 
to  the  nature  of  myeloma  cells  is  probably  a  result  of  the  infre¬ 
quency  of  the  condition.  Few  observers  have  had  the  opportunity 
of  comparing  material  from  several  cases  similarly  hardened  and 
stained.  Case  reports  are  fairly  numerous,  however,  as  the  disease 
is  not  excessively  rare.  Still  it  is  difficult  to  judge  of  the  exact 
relations  of  cells  when  they  can  be  compared  only  from  verbal 
description,  aided  by  some  form  of  pictorial  illustration.  For  this 
reason  it  has  seemed  to  me  worth  while  to  compare  side  by  side  sec¬ 
tions  from  several  cases,  especially  as  no  previous  observer  has 
done  this. 

Through  the  courtesy  of  several  friends*  I  have  been  able  to 
study  Zenker  hardened  material  from  six  cases  of  myeloma,  some 
of  which  are  reported  here  for  the  first  time.  All  tissue  was  em¬ 
bedded  in  paraffin  and  for  general  study,  sections  were  stained  with 
eosin  and  methylene  blue,  phosphotungstic  acid  hematoxylin,  and 
Mallory’s  anilin  blue  connective  tissue  stain. 

Case  I  (H.  M.  S.,  2148)  was  autopsied  by  me  4}^  years  after  laminectomy. 
This  operation  was  done  by  Dr.  J.  C.  Munro  of  Boston,  and  the  case  then 
reported  by  Dr.  John  J.  Thomas  of  Boston  {Boston  Med.  and  Surg.  Jour.,  1901, 
CXLV,  367). 

At  the  time  of  the  operation,  December  20,  1900,  the  patient,  a  man  of  thirty- 

‘  Received  for  publication  May  18,  1907. 

*To  all  these,  as  well  as  to  others  who  aided  in  the  search  for  material,  I  take 
great  pleasure  in  expressing  my  thanks. 
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nine  years,  gave  the  following  history.*  About  August  15,  1900,  he  began  to 
feel  severe  pain  in  the  back  between  the  shoulders.  This  confined  him  to  bed 
for  four  or  five  days  at  this  time  and  since  then  continued  but  in  not  severe 
enough  form  to  prevent  his  being  up  and  about.  In  October  he  began  to  notice 
slight  uncertainty  in  the  use  of  his  legs ;  his  feet  were  numb ;  there  was  a  sensa¬ 
tion  of  tightness  around  his  abdomen;  he  had  slight  disturbance  of  micturition. 
Physical  examination  on  October  i6th  showed  slight  swaying  in  Romberg  posi¬ 
tion,  superficial  reflexes  absent,  deep  reflexes  normal,  sensation  to  touch  and 
pain  diminished  below  the  level  of  the  spine  of  the  8th  dorsal  vertebra.  There 
was  a  slight  kyphosis  of  the  spine,  more  marked  in  the  upper  dorsal  region.  On 
November  i6th  slight  weakness  of  the  leg  muscles  was  apparent  but  no  atrophy 
was  present.  The  knee  jerks  were  now  symmetrically  increased  in  activity  and 
a  double  ankle  clonus  was  present.  Pain  and  temperature  sensations  were  much 
diminshed  below  the  level  of  the  4th  dorsal  vertebra,  sensation  to  touch  slightly 
decreased.  On  December  17th  the  gait  was  slightly  spastic-ataxic.  His  legs 
showed  marked  paresis.  Now  a  swelling  of  the  left  5th  rib,  not  tender  on 
pressure,  was  noticed.  On  December  20th  laminectomy  was  done  by  Dr.  J.  C. 
Munro  and  the  ist  to  4th  dorsal  laminae  were  removed.  The  medulla  of  the 
spinous  process  and  lamina  of  4th  dorsal  vertebra  was  found  to  consist  of  soft 
reddish  material  which  could  be  traced  to  the  head  of  the  rib  and  body  of  the 
vertebra.  As  much  of  this  as  possible  was  curetted  away.  Histological  exami¬ 
nation  showed  it  to  be  myeloma. 

Urinary  examinations  in  December  and  subsequently  showed  the  constant 
presence  of  Bence  Jones’  albumose. 

After  operation  the  patient  developed  complete  paraplegia  with  retention  of 
urine  but  this  gradually  improved  and  the  wound  healed  well.  On  January  5, 
1901,  all  movements  of  legs  and  feet  could  be  performed  normally  and  with  good 
strength  and  there  was  marked  improvement  in  sensations.  After  leaving  the 
hospital  the  lump  on  the  left  rib  became  larger  and  then  diminished  in  size; 
occasionally  it  was  painful  and  tender  and  in  March  distinct  crepitance  could  be 
elicited  over  it.  During  May  a  well  marked  swelling  along  the  left  6th  and  7th 
ribs  was  noted.  The  tenth  dorsal  spine  was  tender,  and  the  spinal  column  was 
held  rigid.  At  this  time  the  patient  moved  only  with  difficulty  though  he  could 
stand  without  support. 

March  6,  1905,  Dr.  Thomas  made  the  following  note.  Patient  has  been  up  and 
about  most  of  the  time.  There  have  been  occasional  transient  periods  of  tender¬ 
ness  over  rib  or  vertebra.  About  Christmas  time  he  had  an  attack  of  vomiting 
and  diarrhea  after  eating  fish.  After  this  he  was  much  weaker.  Recently  there 
has  been  pain  and  tenderness  over  the  right  acromion  and  numbness  on  the  ulnar 
side  of  the  right  arm.  There  is  a  kypho.sis  of  the  upper  thoracic  region  of  no® 
to  120°  and  considerable  limitation  of  motion  of  the  head.  There  are  several 
swellings  over  ribs,  but  these  are  not  tender. 

Soon  after  this  the  patient  had  an  attack  of  pneumonia,  and  died  March 

14,  1905. 

Autopsy  at  Quincy,  Mass.,  12  hours  post  mortem.  A  well  developed,  fairly 
well  nourished  man,  155  cm.  long.  Moderate  degree  of  rigor  mortis  is  present 

*This  part  of  the  clinical  history  was  abstracted  from  the  paper  of  Thomas 
(loc.  cit.). 
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and  there  is  slight  livor  of  dependent  parts.  Cutaneous  surfaces  are  pale,  not 
jaundiced.  Over  the  dorsal  vertebrae  near  the  median  line,  high  up,  is  a  scar  of 
an  old  operation  wound.  In  the  right  deltoid  region  there  is  a  slight  swelling 
having  a  somewhat  soft  feel.  In  the  right  anterior  axillary  line  an  irregularity 
can  be  felt  in  the  ytb  «-ib  (old  fracture).  No  very  definite  nodules  can  be  felt 
in  the  ribs  or  sternum. 

The  dome  of  the  diaphragm  reaches  to  the  4th  intercostal  space  on  each  side. 
The  muscles  of  thorax  are  pale  red,  firm,  and  moderately  developed.  Left 
pleural  cavity  contains  about  300  c.c.  of  a  slightly  turbid,  yellowish  fluid  in 
which  float  numerous  large  flocculi  of  fibrin.  The  right  is  free  from  fluid  and 
adhesions.  Pericardial  cavity  contains  about  75  c.c.  of  clear  straw-yellow  fluid. 
Serous  surfaces  smooth  and  glistening. 

The  heart  appears  slightly  larger  than  normal  for  a  man  of  this  size.  It 
contains  chicken  fat  and  cruor  clots ;  not  distended.  Pericardium  normal.  Myo¬ 
cardium  firm,  pale  red,  appears  normal.  Valves  normal.  Endocardium  shows 
here  and  there  a  small  area  of  increased  opacity,  otherwise  normal.  Coronaries 
normal. 

The  surface  of  the  left  lung  is  extensively  covered  with  a  thick  shaggy  layer 
of  easily  removed,  grayish  fibrin.  Lower  lobe  is  solid,  flabby,  and  dark  red  in 
color.  Upper  lobe  is  more  voluminous,  paler,  especially  anteriorly  and  every¬ 
where  air  containing.  On  section  lower  lobe  is  red,  slightly  moist,  finely  granular 
and  solidified;  upper  lobe  is  cedematous,  and  much  fluid  containing  fine  air  bub¬ 
bles  escapes  from  its  cut  surface.  This  cedematous  condition  is  most  marked  in 
lower  part  of  lobe,  and  is  scarcely  present  along  anterior  border. 

Right  lung  has  a  smooth  glistening  surface,  is  fairly  voluminous  and  air- 
containing  for  the  most  part.  Posterior  parts  are  much  darker  red  than  the 
anterior.  In  the  upper  lobe  near  its  center  can  be  felt  an  ill-defined,  irregular 
area  of  consolidation  about  3  cm.  in  greatest  diameter.  No  consolidation  in  the 
middle  and  lower  lobes.  On  section  the  upper  lobe  is  grayish  pink,  cedematous 
and  in  the  center  irregularly  consolidated.  In  this  latter  part  the  color  is  light 
gray,  slightly  granular.  The  cut  surface  of  the  lobe  is  dark  red,  smooth,  quite 
dry,  and  from  it  can  be  squeezed  a  considerable  amount  of  dark  blood.  Lungs 
throughout  show  moderate  anthracosis.  Bronchi  contain  a  considerable  amount 
of  muco-pus ;  their  mucous  membrane  is  slightly  congested.  Peribronchial  lymph 
nodes  are  slightly  enlarged. 

Abdominal  panniculus  adiposus  is  about  2  cm.  thick.  Peritoneal  cavity  is  free 
from  fluid,  surfaces  smooth  and  glistening.  Vermiform  appendix  lies  in  the 
right  iliac  fossa  curled  on  itself  behind  ccecum,  and  in  part  lies  extraperitoneal. 
There  are  no  adhesions  about  it.  Mesenteric  and  retroperitoneal  lymph  nodes 
are  not  enlarged. 

Spleen,  wt.  210  gms.,  is  pale,  grayish  red,  soft  and  flabby,  tearing  easily  as  it 
is  removed.  On  section  it  is  almost  diffluent,  light  grayish  brown,  with  mark¬ 
ings  indistinguishable.  Stomach  contains  a  considerable  amount  of  fluid.  Mucosa 
is  normal.  Intestines  contain  very  little  material.  They  are  quite  friable  but 
show  no  lesions.  Pancreas  is  firm;  appears  normal. 

Liver  is  distinctly  tough,  and  is  somewhat  enlarged.  Color  brown;  surface 
smooth.  Here  and  there  are  irregular  areas  of  marked  pallor  extending  a 
varying  distance  into  viscus,  never  sharply  demarcated.  Cut  surface  of  organ 
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except  for  these  is  uniformly  brown  and  markings  are  very  indistinct.  Gall 
bladder  is  filled  with  bile ;  no  calculi. 

Kidneys,  wt.  280  gms.,  capsule  strips  readily  from  a  smooth  surface.  Cortex 
measures  5  mm.  in  average  thickness.  Cut  surface  is  very  pale  gray  and  opaque. 
Here  and  there  in  the  cortex  are  small  foci  of  congestion.  Scattered  irregularly 
in  the  cortex  are  small  pin  point  areas  of  an  opaque,  almost  white,  color. 
Glomeruli  are  just  visible.  Striations  of  pyramids  indistinct.  No  amyloid  reac¬ 
tion  with  Lugol’s  solution. 

Adrenal  glands  normal.  Bladder  normal.  Prostate  not  enlarged.  Testes 
normal. 

Aorta  normal.  No  tumor  nodules  found  in  abdominal  or  thoracic  viscera. 

Sternum  anteriorly  presents  no  abnormalities.  Posteriorly  the  mid-portion  of 
the  manubrium  shows  a  slight  swelling  of  rounded  contour  the  center  of  which 
is  distinctly  soft.  Here  a  knife  cuts  readily  through  thin  bone  into  a  very  soft 
dark  red  tissue  in  which  very  few  spicules  of  bone  can  be  detected.  Other  parts 
of  sternum  present  no  nodules  or  soft  areas. 

Right  7th  rib  shows  on  external  surface  the  line  of  a  healed  fracture  with 
imperfect  apposition  of  ends.  On  pleural  surface  the  right  3rd  and  sth  ribs 
near  the  anterior  axillary  line  present  distinct  swellings,  soft  to  touch,  covered 
by  a  smooth  pleura  containing  small  injected  vessels.  On  pleural  side  of  6th 
rib  there  is  a  pale  irregular  bony  exostosis  suggesting  point  of  old  fracture.  On 
left  side  in  same  general  region  the  3rd,  4th,  5th,  and  6th  ribs  show  similar 
soft  nodules,  and  on  the  Sth  there  is  a  small  bony  spine  approximately  5  mm. 
in  length.  A  rib  with  soft  nodules  was  removed  from  each  side.  A  description 
of  these  will  suffice  as  other  soft  nodules  incised  in  situ  showed  little  variation. 
The  rib  was  split  for  its  entire  length  along  the  middle  of  its  flat  surface  by 
means  of  a  band  saw.  At  the  point  of  situation  of  the  soft  nodule  described 
above,  the  peripheral  zone  of  dense  bone  is  reduced  to  a  thin  layer  not  continuous 
over  entire  surface  but  absent  over  a  small  area  (Plate  IX,  Fig.  i).  At  this 
point  the  rib  measures  1.2  cm.  in  thickness,  and  but  for  this  thin  layer  of  bone 
consists  of  a  soft  moist  tissue,  dark  red  in  color,  in  which  bone  cannot  be  felt. 
At  another  point  at  some  distance  from  this  nodule  is  another  area  similar  in 
color  but  where  the  rib  is  not  so  much  increased  in  diameter.  Close  inspection 
of  each  area  shows  that  these  nodules  are  not  separated  sharply  from  adjacent 
marrow  but  gradually  shade  off  into  a  tissue,  likewise  soft  but  paler,  mottled 
gray,  grayish  pink  or  yellowish  gray  in  color  which  replaces  entirely  the  marrow 
of  the  bone.  Everywhere  there  is  but  a  thin  (1-2  mm.)  peripheral  zone  of 
bone,  though  from  this  bone  spicules  extend  to  a  certain  degree  into  the  central 
part  of  the  shaft.  The  other  rib  does  not  show  such  definite  nodules  but  at 
several  points  on  its  surface  feels  soft.  On  splitting,  its  entire  center  is  seen  to 
be  replaced  by  a  soft  tissue  of  varying  color  lying  within  a  cortical  zone  of 
bone  0.5-2  mm.  thick.  In  this  are  a  few  spicules  of  bone,  but  the  tissue  for  the 
most  part  is  soft.  Areas  1-2  cm.  in  greatest  diameter  are  dark  red,  other  parts 
are  gray  or  pinkish  gray.  These  ribs  fracture  easily  on  manipulation.  On  each 
side  in  the  region  of  attachment  of  the  5th,  6th,  7th,  and  Sth  ribs  to  vertebrae 
in  the  angle  between  ribs  and  spinal  column,  are  scattered  nodules,  soft,  covered 
by  injected  pleura,  rounding  out  this  angle  though  not  encroaching  to  any 
extent  on  the  cavity  of  the  thorax.  Section  of  these  nodules  show  them  to  be 
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soft,  apparently  not  containing  bone.  Most  of  these  are  dark  red,  often  resem¬ 
bling  a  blood  clot.  Some  have  a  narrow  grayish,  peripheral  zone,  while  others 
are  reddish  gray  throughout.  As  far  as  seen  by  section  through  their  superficial 
portion  they  are  discrete  but  appear  to  arise  from  bone  beneath. 

Opposite  the  attachments  of  6th,  7th,  and  8th  ribs  the  spinal  column  is  bent 
backward  and  to  the  right  to  form  a  rather  sharp  curve.  The  superior  surface 
of  the  bodies  of  the  vertebrse  from  third  dorsal  to  third  lumbar  were  sawn  away. 
The  central  parts  of  the  bodies  of  all  of  these  vertebrae  are  softer  than  normal. 
The  center  of  those  in  the  region  of  curvature  is  very  soft  and  the  marrow  is 
semidiffluent,  dark  grayish  red.  The  others,  not  so  soft,  are  lighter,  grayish 
red  to  gray,  but  for  the  most  part  irregularly  mottled. 

Examination  of  right  femur  shows  dense  cortical  bone  and  pale  yellowish 
marrow. 

Incision  of  soft  area  over  right  shoulder  shows  beneath  deltoid  muscle  and 
entirely  above  and  unconnected  with  head  of  humerus  or  acromion  a  gray-white, 
quite  friable  material,  having  a  greasy,  soapy  feel,  and  apparently  little  structure. 

Anatomical  Diagnoses:  Multiple  myeloma  (ribs,  sternum,  and 
vertebrae)  ;  curvature  of  spinal  column;  old  fractures  of  ribs;  lobar 
pneumonia  (left  lower  lobe) ;  bronchopneumonia  (right  upper 
lobe)  ;  pulmonary  oedema  and  congestion  (right  and  left  upper 
lobes)  ;  fibrinopurulent  pleuritis  (left)  ;  acute  splenic  tumor;  chronic 
bursitis  (subdeltoid  bursa)  ;  healed  scar  of  laminectomy. 

Microscopic  Examination:  Heart  muscle  is  normal  and  there  is 
no  connective  tissue  increase.  Lung:  All  the  alveoli  are  filled  with 
ah  exudate  of  serum  containing  numerous  cells.  The  greater  part 
of  the  cellular  portion  of  the  exudate  consists  of  polynuclear 
leucocytes.  There  is  a  moderate  number  of  mononuclear  cells 
with  and  without  ingested  polynuclear  leucocytes.  Some  of  the 
latter,  especially  those  without  inclusions,  show  irregular  processes 
as  if  a  cell  in  amoeboid  motion  had  been  fixed  in  that  position.  The 
alveolar  epithelium  is  swollen  and  occasionally  these  cells  are  seen 
in  mitosis.  In  one  place  a  cell  was  fixed  during  its  passages  through 
the  alveolar  wall  and  a  portion  of  the  cell  can  be  seen  in  each 
alveolus  with  a  narrow  connecting  bar  of  cytoplasm.  Peribronchial 
lymph  node  shows  moderate  anthracosis,  and  fibrosis. 

Liver :  Cells  about  the  center  of  lobules  show  moderate  bile  pig¬ 
mentation.  In  the  cytoplasm  of  many  of  these  cells  appear  one  to 
several  dots  staining  intensely  blue  black  with  phosphotungstic  acid 
hematoxylin.  About  many  of  these  there  is  a  palely  staining  zone 
three  or  four  times  the  diameter  of  the  dot.  Pancreas  normal. 
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Spleen  shows  a  few  groups  of  rather  coarse,  bright  yellow,  pigment 
granules.  Kidney  shows  many  small  irregular  areas  of  connective 
tissue  proliferation.  This  can  usually  be  traced  in  from  the 
capsule  and  is  fairly  cellular.  Here  and  there  are  sclerosed  glom¬ 
eruli  and  tubules.  In  the  pyramids  many  hyaline  casts  are  seen. 
Most  of  the  tubular  epithelium  and  glomeruli  appear  to  be  normal. 

Adrenal;  Many  of  the  cells  in  the  medullary  portion  are  pig¬ 
mented.  Testis  normal.  Tissue  from  subdeltoid  bursa  is  almost 
entirely  necrotic;  in  a  few  places  there  are  small  foci  of  lymphoid 
cells  and  fibroblasts. 

Bones:  Of  the  bones  examined,  ribs,  sternum,  vertebrae  and 
femur,  all  showed  macroscopic  evidence  of  extensive  involvement 
with  the  exception  of  the  femur.  There  is  a  striking  uniformity 
in  the  sections  taken  from  different  bones,  and  the  structure  of  the 
tumor  is  very  simple.  The  tumor  is  very  cellular  and  consists  of 
cells  varying  only  moderately  in  size, shape  and  structure  (Plate  IX, 
Fig.  2).  The  cells  lie  close  together  in  a  coarse  meshed  reticulum, 
usually  of  very  fine  fibrils.  In  a  few  places  the  reticulum  is  coarser, 
more  prominent  and  where  this  is  the  case  there  is  rather  more  con¬ 
nective  tissue  in  association  with  the  larger  blood  vessels,  but 
nowhere  does  the  stroma  dominate  and  in  most  places  it  is  ex¬ 
tremely  slight.  In  connection  with  the  stroma  there  are  a  few 
cells  of  the  fibroblast  type.  In  the  tumor  are  numerous  blood  ves¬ 
sels,  often  of  large  calibre  but  almost  always  thin  walled,  usually 
hardly  more  than  an  endothelial  layer  with  a  few  fibrils  of  connec¬ 
tive  tissue  between  it  and  the  tumor  cells.  Scattered  among  the 
tumor  cells  are  many  red  blood  corpuscles  and  large  areas  of 
lijemorrhage. 

The  tumor  cells  have  no  definite  spacial  relations  but  are  scattered 
loosely  in  the  meshes  of  the  reticulum,  now  separated  so  adjacent 
cells  hardly  touch,  now  more  crowded  so  that  the  cells  press  each 
other  into  polygonal  shapes.  Here  and  there  a  row  of  cells  is 
crowded  into  a  crevice  between  coarser  fibrils  and  the  cells  assume 
a  cuboidal  shape.  Neither  the  phosphotungstic  acid  hematoxylin 
nor  anilin  blue  connective  tissue  stains  demonstrate  any  fibrils  closely 
related  to  the  tumor  cells  and  the  stroma  appears  to  arise  from  the 
accompanying  cells  of  the  fibroblast  type. 
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The  individual  cells  (Plate  IX,  Fig.  3)  are  round,  oval,  roughly 
polygonal  or  cuboidal,  dependent  upon  the  degree  of  crowding  as 
above  described.  There  is  no  cell  membrane  and  not  infrequently 
the  cell  edge  is  slightly  ragged.  The  cells  vary  in  size  from  8  to 
20  microns.  The  average  of  the  measurements  of  a  number  of 
cells  such  as  are  most  numerous  in  the  sections  is  1 1.4  x  7.7  microns 
for  cell  body  and  8.1  x  7.2  for  nucleus.  The  cytoplasm  is  slightly 
basophilic  as  shown  in  the  sections  stained  by  the  eosin  and  methy¬ 
lene  blue  method  when  the  diflferentiation  is  not  carried  very  far. 
The  blue  stain  is,  however,  quite  easily  removed  by  the  alcohol 
before  the  nuclei  show  much  if  any  dimming  of  the  brilliancy  of 
their  blue.  Still  compared  with  the  fibrous  tissue  and  cytoplasm 
of  fibroblasts  or  epithelial  cells  this  basophilic  reaction  is  distinct. 
The  cytoplasm  is  finely  granular  but  granules  in  the  Ehrlich  sense 
were  not  apparent  in  sections  stained  in  the  usual  ways  and  could 
not  be  demonstrated  with  Giemsa’s  stain  in  the  method  of  Schridde 
{Centralhl.  f.  allg.  Path.,  etc.,  1905,  xvi,  769)  or  with  Wright’s 
modification  of  the  Romanowsky  stain  used  in  the  way  described 
by  Wright  for  the  demonstration  of  blood  platelets  in  tissues  (Bos¬ 
ton  Med.  and  Surg.  Jour.,  1906,  civ,  30).  In  some  of  the  cells  the 
cytoplasm  has  in  part  a  finely  vacuolated  appearance  and  where  this 
condition  occurs  near  the  edge  of  the  cell,  that  border  is  apt  to  be 
quite  ragged.  The  staining  reaction  of  the  cytoplasm  of  a  given 
cell  is  almost  always  uniform  throughout  and  the  distinct  clear 
zone  described  near  the  nucleus  in  several  cases  is  not  present. 

Most  of  the  nuclei  (Plate  IX,  Fig.  3)  are  round  or  oval.  They 
have  a  distinct  nuclear  membrane,  are  vesicular  and  have  a  fine 
chromatin  network  with  coarser  chromatin  masses  attached  to  the 
nuclear  membrane  and  scattered  throughout  the  central  part  of  the 
nucleus.  However  these  chromatin  masses  are  not  large  enough 
or  numerous  enough  to  give  a  very  darkly  staining  nucleus.  In 
the  center  lies  a  distinct  round,  homogeneous  slightly  refractile 
body  134  to  2  microns  in  diameter  which  stains  pink  in  eosin  and 
methylene  blue  preparations  and  in  modified  Romanowsky  stains 
(Giemsa,  Wright).  In  phosphotungstic  acid  hematoxylin  prepara¬ 
tions  it  has  a  reddish  brown  color.  This  affinity  for  acid  stains 
is  easily  demonstrated  and  such  a  body  is  entitled  to  be  called  a 
nucleolus. 
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Many  of  the  nuclei  when  single  have  a  slightly  eccentric  position 
in  the  cell  (Plate  IX,  Fig.  3).  Cells  with  two  nuclei  are  frequent 
and  those  with  three  or  four  are  not  uncommon.  Cells  with  several 
nuclei  are  the  larger  forms,  14-20  microns.  In  some  of  these  the 
nuclei  are  still  connected  by  a  thread  of  nuclear  material.  The 
structure  of  the  cells  with  multiple  nuclei  is  the  same  as  that  de¬ 
scribed  for  mononuclear  cells.  A  few  nuclei  have  irregular  shapes 
either  horse-shoe  or  with  a  rounded  bud.  Occasionally  one  is  dumb¬ 
bell  shaped.  No  mitotic  figures  could  be  found  in  a  careful  study 
of  many  sections.  While  irregular  nuclear  shapes  are  seen,  few 
of  these  suggest  amitosis,  and  no  evidence  of  division  of  the 
nucleolus  can  be  found. 

Besides  the  cells  described,  others,  considered  by  me  as  degenera¬ 
tion  forms,  occur.  These  are  cells  whose  cytoplasm  is  denser, 
homogeneous  and  acidophilic.  The  nucleus  is  shrunken  and  stains 
deeply  though  somewhat  irregularly.  Not  infrequently  the  nucleus 
is  fragmented.  All  gradations  between  these  cells  and  unchanged 
tumor  cells  can  be  found.  These  cells  have  a  slightly  yellowish 
tinge  in  parts  of  some  preparations  and  with  many  stains  closely 
resemble  nucleated  red  blood  corpuscles.  This  similarity  is  greatly 
heightened  in  the  regions  of  haemorrhage  where  the  cells  have 
definitely  taken  up  haemoglobin.  However  a  study  of  these  cells 
in  many  sections  stained  in  a  variety  of  ways  has  convinced  me 
that  they  are  degenerated  cells  and  not  an  evidence  of  an  erythro¬ 
blastic  function  as  claimed  by  Ribbert  {Centralbl.  f.  allg.  Path.,  etc., 
1904,  XV,  337)  for  the  cells  of  the  tumor  which  he  reports. 

In  preparations  stained  with  phosphofungstic  acid  hematoxylin 
and  properly  differentiated,  many  of  the  tumor  cells  are  seen  to 
contain  in  the  cytoplasm  near  the  nucleus  a  pair  of  small,  round, 
blue  black  granules;  sometimes  only  one  can  be  seen.  No  other 
similar  granules  occur  in  the  cytoplasm.  In  cells  with  more  than 
one  nucleus  a  group  of  three  or  more  of  these  granules  can  often 
be  found.  These  dots  are  considered  to  be  centrosomes. 

In  sections  where  tumor  and  bone  marrow  abut,  no  sharp  line 
of  separation  is  present  but  tumor  cells  are  found  intermingled  with 
normal  bone  marrow  elements  and  fat  cells.  Even  at  some  dis¬ 
tance  from  tumor  nodules  scattered  cells  identical  in  appearance 
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with  the  tumor  cells  are  found  in  otherwise  normal  looking  marrow. 
This  condition  is  best  seen  in  the  marrow  from  the  femur  which 
in  the  gross  appeared  normal  and  surrounded  by  dense  unchanged 
cortical  bone.  Nevertheless  in  the  femur  marrow  are  definite 
tumor  nodules. 

In  many  sections  the  trabeculae  of  bone  have  been  in  part  or 
completely  destroyed  by  the  growth  of  tumor.  The  cortical  bone 
of  the  ribs  has  in  places  completely  disappeared  but  for  the  most 
part  the  tumor  remains  within  the  limits  of  the  periosteum.  In 
places  however  muscle  and  fat  in  the  neighborhood  of  the  tumor  is 
invaded  and  groups  of  tumor  cells  are  found  between  muscle  fibres 
or  fat  cells. 

Tissues  about  the  tumor  show  slight  inflammatory  reaction  indi¬ 
cated  by  invasion  with  lymphoid  and  a  few  plasma  cells.  In 
places  in  the  fibrous  tissue  are  many  connective  tissue  cells  filled 
with  coarse  yellow  pigment  granules.  The  same  pigment  is  some¬ 
times  found  within  tumor  cells  but  this  is  unusual  and  there  is  no 
other  evidence  of  phagocytosis  on  the  part  of  the  tumor  cells. 
Scattered  here  and  there  in  the  tumor  are  small  foci  of  lymphoid 
cells.  Much  of  the  tumor  shows  very  extensive  haemorrhage  and 
this  is  responsible  for  the  deep  red  color  macroscopically  evident. 

Case  II  (J.  H.  H.,  1666)  was  autopsied  by  Dr.  W.  G.  MacCallum  at  the 
Johns  Hopkins  Hospital.  The  clinical  notes  of  this  case  were  published  by  Ham¬ 
burger  (Johns  Hopkins  Hospital  Bull.,  1901,  xii,  38)  from  whom  I  quote  a  brief 
extract.  The  patient  was  a  negress  of  50  admitted  to  the  Johns  Hopkins  Hos¬ 
pital  October  10,  1900.  For  a  year  she  had  had  pain  in  the  region  of  the  right 
groin  and  hip.  Last  June  while  picking  up  a  bucket  of  coal  she  experienced  a 
remarkable  sensation  of  lengthening  in  the  left  arm,  and  next  morning  she 
found  that  she  could  not  raise  this  arm  to  her  head  because  of  pain.  About  a 
week  later  the  right  arm  was  somewhat  similarly  affected.  About  this  time  she 
noticed  a  swelling  the  size  of  a  hen’s  egg  on  the  back  of  her  head.  Six  days 
before  coming  to  the  hospital  her  right  leg  gave  way  while  walking,  and  since 
then  she  has  been  unable  to  stand. 

In  the  hospital  a  fluctuating  mass  10  cm.  in  diameter  was  found  in  the 
occipital  region.  This  was  not  adherent  to  the  skin,  not  movable  on  the  deep 
tissues  and  not  tender.  Over  the  inner  third  of  either  clavicle  was  a  nodule  3 
to  4  cm.  in  diameter,  and  in  the  left  supraspinous  region  another  4  cm.  in  diam¬ 
eter.  Upper  third  of  thigh  was  markedly  enlarged  by  a  tumor  the  size  of  a 
child’s  head.  The  patient’s  urine  contained  Bence-Jones’  albumose.  She  died 
February  i,  1901. 

At  autopsy  MacCallum  (Jour,  of  Exper.  Med.,  1901,  vi,  53)  found  tumor  masses 
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in  femur,  ilium,  clavicle,  sternum,  scapula  and  skull.  There  were  no  metastases 
in  abdominal  or  thoracic  viscera.  He  described  the  tumors  as  follows :  “  These 
growths  presented  everywhere  the  same  appearance.  Everywhere  they  evidently 
sprang  from  the  marrow  of  the  bone  from  which  they  were  not  by  any  means 
sharply  demarcated.  .  .  .  The  well  defined  tumor  masses  were  perhaps  some¬ 
what  firmer  than  such  a  mass  of  bone  marrow  would  be.  They  varied  some¬ 
what  in  consistence,  however.  In  general  they  were  soft;  some  of  the  larger 
were  almost  diffluent  and  flattened  out  when  cut  and  laid  on  the  pan.  Others 
were  less  soft  and  in  some  parts  the  gelatinous  pulpy  consistence  gave  way  to 
a  fair  degree  of  firmness.  In  color  there  was  also  considerable  variation.  The 
greater  part  of  the  masses  was  of  a  deep  red  color,  perhaps  even  darker  than 
normal  bone  marrow  but  showing  everywhere  a  grayish  tint.  Usually  lines  and 
streaks  of  gray  were  to  be  seen  throughout  this  deep  red,  and  in  nearly  all  the 
masses  definite  nodules  of  firmer  consistence  and  of  a  grayish  white  color  were 
found.  At  some  points  there  was  a  slight  yellow  opacity.”  * 

Microscopic  Examination.^ — The  tumor  is  made  up  almost  en¬ 
tirely  of  cells  (Plate  IX,  Fig.  4).  Connective  tissue  reticulum  is 
very  slight  in  amount  and  the  connective  tissue  fibrils  appear  to 
have  no  intimate  association  with  tumor  cells.  Where  the  con¬ 
nective  tissue  is  larger  in  amount  there  are  narrow  bands  and 
strands  enclosing  coarse  meshes  or  spaces  filled  with  tumor  cells. 
Tumor  cells  appear  to  have  no  definite  spacial  relations;  here  they 
are  closely  crowded  together,  there  more  widely  separated.  Blood 
vessels  are  present  in  moderate  number  and  are  relatively  thin 
walled  and  of  large  calibre.  About  the  blood  vessels  are  a  few  con¬ 
nective  tissue  fibrils,  some  of  which  radiate  out  among  the  tumor 
cells.  However,  between  individual  cells  fibrils  of  connective  tis¬ 
sue  are  rare. 

The  cells  (Plate  IX,  Fig.  5)  themselves  vary  somewhat  in  shape 
according  to  the  degree  to  which  they  are  crowded  together. 
Usually  they  are  rather  polygonal  with  one  diameter  greater  than 
the  other.  When  separated  from  one  another  they  are  round  or 
oval.  The  average  of  the  measurements  of  a  number  of  the  cells 
occurring  most  abundantly  in  the  tumor  is  10.4x6.8  microns. 
Other  cells  however  occur  which  are  considerably  larger,  some 
with  several  nuclei,  others  with  a  single  quite  large  nucleus.  Smaller 

*  For  further  details  of  this  case  see  papers  of  Hamburger  and  MacCallum. 

‘This  description  has  been  made  by  me  independently  of  that  given  by  Dr. 
MacCallum  {loc.  cit.).  It  has  been  made  on  preparations  prepared  in  the  same 
way  as  the  preceding  case.  The  same  is  true  for  the  other  cases  which  have 
been  elsewhere  described. 
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apparently  shrunken  cells  also  are  found.  Yet  the  prevailing  cell 
picture  is  one  of  a  quite  uniform  size. 

The  cell  outline  is  sharp  but  no  cell  membrane  is  evident.  In  eosin 
and  methylene  blue  preparations  the  cytoplasm  has  a  very  finely 
granular  ground  glass  appearance  or  is  homogeneous.  Some  cells 
have  a  finely  vacuolated  cytoplasm  and  not  infrequently  these  cells 
may  have  a  ragged  outline  due  to  vacuolization  of  their  peripheral 
portions.  The  cells  are  slightly  basophilic.  Many  of  the  cells  have 
a  yellowish  hue,  even  in  unstained  preparations.  This  is  partic¬ 
ularly  evident  in  haemorrhagic  portions  and  suggests  haemoglobin 
staining.  When  this  is  associated  with  certain  forms  of  nuclear 
degeneration  to  be  described  later,  there  is  much  resemblance  to 
erythroblasts. 

In  phosphotungstic  acid  hematoxylin  stains  the  cytoplasm  appears 
distinctly  more  granular.  In  many  cells  near  the  nucleus  there  is 
a  rounded  pale  zone  surrounding  one  or  two  small  dots  staining 
deeply  blue  which  I  regard  as  centrosomes.  In  some  cells  especially 
those  with  several  nuclei  three  or  more  such  centrosomes  may  be 
seen  grouped  together.  Some  of  the  large  cells  are  phagocytic  and 
contain  cells,  usually  red  blood  corpuscles,  in  varying  stages  of  dis¬ 
integration,  or  yellow  pigment  masses. 

Nuclei  (Plate  IX,  Fig.  5)  are  round,  sometimes  oval,  sometimes 
slightly  irregular  in  contour  with  pseudopods  or  indentations.  They 
are  almost  always  eccentrically  placed  in  the  cell.  Some  of  the 
larger  cells  show  nuclear  parts  connected  with  one  another  by  a 
very  fine  thread  of  nuclear  material.  The  average  of  a  number 
of  measurements  of  nuclei  is  6  x  6  microns.  Nuclear  structure 
perhaps  can  be  described  most  clearly  by  giving  a  description  of 
one  form  and  noting  the  modifications  from  this  type  that  occur. 
However  it  is  to  be  understood  that  the  nucleus  described  first  is 
not  the  one  that  is  found  in  the  majority  of  the  cells  but  instead  the 
first  modification  is  more  frequent.  The  nucleus  to  begin  with  is 
vesicular.  It  has  a  distinct  cell  membrane  slightly  and  irregularly 
thickened  by  small  chromatin  masses.  In  its  center  is  ordinarily 
a  rounded  metachromatic  mass  slightly  smaller  than  that  in  the 
tumor  cells  of  Case  I.  This  is  considered  a  nucleolus.  Between 
nucleolus  and  nuclear  membrane  are  a  few  very  fine  chromatin 
threads  and  granules. 
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The  most  common  variation  from  this  nuclear  structure  and  the 
one  seen  in  most  cells  of  the  tumor  seems  to  arise  in  this  way. 
There  is  a  moderate  increase  in  chromatin.  Most  of  this  chromatin 
tends  to  a  peripheral  position  against  the  nuclear  membrane  and 
in  the  form  of  larger  chromatin  masses.  Some  of  these  masses 
however  may  remain  free  from  the  nuclear  membrane.  Nucleolus 
may  still  be  evident.  With  this  change  there  is  a  very  slight  de¬ 
crease  in  the  size  of  the  nucleus.  In  a  few  cells  chromatin  clump¬ 
ing  continues  and  the  central  portion  of  the  nucleus  almost  entirely 
loses  its  chromatin.  The  end  result  of  this  change  may  be  a  nuclear 
membrane  with  3  to  5  large  chromatin  masses  adherent  to  it,  and 
the  central  portion  of  the  nucleus  free  from  stainable  substance. 
Next  the  nuclear  membrane  disappears,  the  chromatin  masses  be¬ 
come  round  and  there  results  a  cell  with  2  to  5  small  intensely 
staining  separate  masses  of  nuclear  material. 

In  other  nuclei  this  end  stage  appears  to  have  been  attained  in 
a  different  way.  First  the  chromatin  becomes  arranged  in  what 
appears  to  be  a  coarse  twisted  thread  very  similar  to  the  coarse  skein 
stage  of  karyokinesis  but  with  the  difference  that  along  the  threads 
chromatin  gathers  in  the  form  of  rounded  swellings.  This  thread 
lies  in  a  vacuole  and  all  suggestion  of  a  nuclear  membrane  is  lost. 
There  is  no  granular  change  in  the  cytoplasm  such  as  accompanies 
true  cell  division.  As  the  change  progresses  apparently  the  chro¬ 
matin  masses  grow  larger,  the  connecting  thread  smaller  until  finally 
complete  separation  results. 

A  third  form  of  nuclear  change  is  a  simple  shrinkage  with  con¬ 
densation  of  the  chromatin.  This  results  in  a  small  round  solidly 
staining  nucleus.  The  later  stages  of  these  three  forms  of  nuclear 
change  when  associated  with  hemoglobin  staining  of  the  cytoplasm 
give  cell  pictures  almost  identical  with  those  frequently  seen  in 
the  megaloblasts  and  normoblasts  of  pernicious  anemia. 

True  indirect  cell  division  occurs  but  karyokinetic  figures  are  diffi¬ 
cult  to  find.  However  some  cells  were  seen  which  showed  nuclear 
figures  with  the  associated  granular  changes  in  the  cytoplasm  and 
the  loss  of  sharp  outline  of  the  cell  body.  Frequently,  however, 
it  is  impossible  to  determine  whether  a  cell  nucleus  is  undergoing 
division  or  some  form  of  degeneration. 
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Scattered  here  and  there  are  cells  of  the  same  general  size  as  the 
predominating  cell,  or  a  little  larger,  with  a  somwhat  different 
nucleus  in  that  the  structure  is  irregular,  slightly  indented,  more 
deeply  staining  because  it  contains  larger  chromatin  masses  more 
closely  aggregated  together.  Sometimes  these  cells  have  two  nuclei. 
These  cells  as  well  as  the  tumor  cells  first  described  differ  quite 
distinctly  in  appearance  from  the  elongated  connective  tissue  cells 
which  accompany  the  stroma. 

In  sections  somewhat  differently  fixed,  the  cells  show  very  much 
more  frequently  and  more  distinctly  the  round,  pinkish  nucleolus 
which  was  seen  in  some  of  the  cells  in  the  other  section. 

In  another  section,  probably  bone  marrow,  there  are  islands  of 
cells,  40  or  50  in  number,  scattered  amid  loose  fat  tissue.  Here 
almost  all  the  cells  are  round,  but  the  nucleus  preserves  its  tendency 
to  an  eccentric  position.  Otherwise  the  cells  show  much  the  same 
characteristics  as  in  other  sections. 

As  in  Case  I  there  is  a  slight  inflammatory  reaction  about  the 
tumor  masses  and  similar  pigmentation. 

Case  III  (H.  M.  S.,  2318)  was  a  man,  a  patient  of  Dr.  John  C.  Munro,  of 
Boston,  who  was  admitted  to  the  Carney  Hospital  for  the  first  time  on  November 
10,  1904.*  He  was  at  that  time  49  years  old.  Eleven  months  prior  to  this, 
suddenly  he  was  seized  with  an  attack  of  pain  localized  in  the  back  in  a  small 
area  at  the  level  of  the  spine  of  the  scapula  and  just  to  the  left  of  the  spinous 
processes  of  the  dorsal  vertebra.  This  pain  was  almost  continuous,  and  after 
nine  months  was  accompanied  by  pain  in  the  left  arm,  sharp  and  constant,  which 
radiated  to  the  painful  area  in  the  back  and  was  worse  on  motion  of  the  arm. 
There  was  also  tenderness  in  these  regions.  For  two  months  his  arm  had  been 
wasting  and  growing  weaker.  This  was  accompanied  by  difficulty  in  flexing 
fingers  and  inability  to  touch  thumb  to  any  but  index  finger.  Four  months  ago 
he  noticed  three  hard  lumps  on  top  of  his  head,  which  gradually  increased  in 
size.  Two  months  ago  he  noticed  a  similar  hard  lump  on  one  of  the  ribs  of  the 
left  side.  None  of  these  were  painful  or  tender. 

When  admitted  to  the  Carney  Hospital  there  were  three  swellings  on  his  head 
and  two  in  left  chest  wall.  These  were  not  tender.  There  was  pain  on  moving 
head  and  in  back  on  left  side  at  level  of  scapula.  Slight  diminution  in  sensation 
to  pin  point  was  present  on  left  side  down  to  level  of  7th  dorsal  spine  and  in 
left  arm,  especially  on  ulnar  side,  with  muscular  atrophy  more  marked  below 
level  of  elbow. 

On  November  21st  Dr.  Munro  removed  6th  and  7th  cervical  and  ist  dorsal 
laminae.  One  lamina  was  found  to  be  eroded  and  involved  in  a  gelatinous  growth 

*  The  following  brief  history  was  abstracted  from  the  clinical  records  of  the 
Carney  Hospital. 
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which  extended  laterally  and  anteriorly  into  adjacent  structures  but  did  not 
involve  the  dura  beyond  simply  pressing  upon  it.  This  growth  was  curetted 
away  as  far  as  possible  and  the  wound  drained.  After  this  symptoms  were  con¬ 
siderably  improved  and  patient  left  the  hospital  December  5,  1904. 

On  May  s,  1905,  patient  returned  with  pain  and  tenderness  over  lower  lumbar 
vertebrae.  Dr.  Munro  performed  laminectomy  on  3rd  and  4th  dorsal  vertebrae, 
but  no  tumor  growth  was  evident.  The  patient  left  the  hospital  June  i,  1905. 

Later  the  patient  returned  to  the  hospital  because  the  tumors  on  head  and 
arm  were  increasing  in  size.  In  the  region  of  the  anterior  fontanelle  there  was 
a  hemispherical,  semi-fluctuant  tumor  the  size  of  a  half  orange,  and  near  the 
posterior  fontanelle  one  as  large  as  a  walnut.  In  the  right  axilla  there  was  a 
non-sensitive  movable  tumor  the  size  of  an  English  walnut,  and  on  the  right 
upper  arm  two  smaller  tumor  masses.  On  January  6,  1906,  Dr.  Munro  dissected 
the  axillary  lymph  nodes  and  removed  the  tumor  masses  from  the  arm.  Of  the 
latter  one  was  encapsulated,  the  other  infiltrating;  both  appeared  to  be  outside 
the  periosteum.  The  larger  tumor  of  the  head  was  curetted.  Both  tables  of  the 
skull  were  found  eroded  and  the  dura  pressed  upon  though  not  involved.  The 
patient  improved  and  left  the  hospital  January  20,  1906.  During  this  last  stay 
in  the  hospital  albumose  was  found  in  his  urine.  Tissue  from  this  last  operation 
was  sent  to  the  pathological  department  of  Harvard  Medical  School  and  this  was 
available  to  me  for  histological  study.  It  was  described  as  follows:  Spherical 
mass  from  arm  2  cm.  in  diameter,  on  section  soft,  white,  semi-opaque,  homo¬ 
geneous.  Mass  of  fat  from  axilla,  with  three  nodules  imbedded  in  it,  1,1^2,  and 
2  cm.  in  diameter.  On  section  discrete,  chocolate  colored,  softened  masses.  Two 
much  softened.  Two  masses  from  the  scalp,  each  20  cm.  in  volume,  red  brown 
in  color  with  spicules  of  bone  imbedded  in  parts,  soft  homogeneous,  semi- 
translucent. 

Microscopic  Examination. — As  in  the  preceding  cases,  the  stroma 
is  very  slight  in  amount.  However  it  differs  somewhat  from  them 
in  the  fact  that  though  the  fibers  are  slender  they  form  a  finer 
meshed  reticulum  in  which  lie  the  tumor  cells.  Blood  vessels  are 
fairly  numerous  and  relatively  thin  walled.  The  tumor  is  very 
cellular  (Plate  X,  Fig.  6)  and  the  cells  themselves  present  a  quite 
uniform  appearance  though  varying  somewhat  in  size.  The  aver¬ 
age  for  a  number  measured  is  10.5  x  6.8  microns.  In  shape  they 
are  round  or  slightly  oval,  somewhat  polygonal  where  crowded  to¬ 
gether.  The  cell  outline  is  distinct  and  regular  (Plate  IX,  Fig.  7). 
In  places  there  is  some  indication  of  a  cell  membrane.  The  cyto¬ 
plasm  is  very  finely  granular,  almost  homogeneous.  It  is  very 
slightly  basophilic. 

The  nucleus  is  round  or  oval  (Plate  X,  Fig.  7)  usually  of  regular 
contour.  Nucleus  in  relation  to  cell  body  is  rather  large.  Its 
average  size  is  7.2  x  6.4  microns.  The  nucleus  is  usually  slightly 
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eccentrically  placed  in  the  cell,  but  this  is  not  a  marked  feature. 
There  is  a  distinct  nuclear  membrane.  The  nucleus  is  vesicular 
with  rather  fine  chromatin  masses  diffusely  scattered.  At  times 
there  is  a  slight  peripheral  grouping  of  the  chromatin,  but  this  is 
never  very  marked.  In  eosin  and  methylene  blue  preparations  the 
chromatin  granules  appear  finer  and  the  nuclei  more  vesicular  than 
they  do  in  the  phosphotungstic  acid  hematoxylin.  Sometimes  the 
chromatin  is  clumped  towards  the  center  and  the  surrounding 
nucleus  is  almost  free  from  stainable  substance.  Many  nuclei 
show  a  rounded  metachromatic  central  body  corresponding  to  a 
nucleolus.  This,  however,  is  much  less  evident  than  in  the  other 
cases.  Still  in  some  sections  stained  with  eosin  and  methylene 
blue  it  stands  out  sharply  and  red  in  an  otherwise  blue  nucleus. 

A  few  cells  have  two  nuclei,  rarely  more.  These  cells  are  larger 
in  size.  There  are  cells  with  shrunken  deeply  staining  nuclei  but 
these  are  relatively  infrequent.  Occasionally  there  is  seen  a  cell 
with  a  nucleus  as  large  as  the  neighboring  cells.  The  nucleus  of 
this  cell  stains  rather  deeply  and  the  chromatin  granules  are  coarser 
than  in  the  more  common  cells  of  the  tumor. 

Nuclear  figures  are  very  numerous  in  sections  of  this  tumor,  and 
the  cells  in  mitosis  are  distinctly  granular  and  without  a  sharp  cell 
outline.  A  few  cells  are  phagocytic  and  contain  cell  remains.  No 
haemoglobin  pigmentation  of  cells  is  seen  in  this  case. 

In  a  section  of  the  lymph  node  from  this  case  there  are  numerous 
areas  of  epithelioid  cells  some  of  which  contain  also  giant  cells  and 
form  very  typical  tubercles.  Besides  this  the  sinuses  here  and  there 
in  the  lymph  node  are  filled  with  cells  of  the  identical  type  of  those 
previously  described  as  occurring  in  the  tumor.  In  places  it  is  a 
question  whether  these  masses  of  tumor  cells  are  in  true  lymphatics, 
or  growing  as  masses  in  the  structure  of  the  lymph  node  itself. 
However,  the  suggestion  is  that  the  tumor  is  pretty  well  confined 
to  the  lymph  channels,  while  in  the  tissue  about  there  are  lymphoid 
and  plasma  cells  of  the  ordinary  type  with  the  possibility  of  an 
occasional  tumor  cell,  but  this  latter  is  open  to  doubt. 

Case  IV  (E.  and  E.  I.,  2-1 1 19).  Material  from  this  case  was  given  me  by 
Dr.  F.  H.  Verhoeff,  of  Boston.  It  was  removed  at  operation  by  Dr.  Alexander 
Quackenboss.  The  clinical  notes  and  macroscopic  description  have  been  abstracted 
from  the  report  of  Quackenboss  and  Verhoeff  {Jour,  of  Med.  Research,  1906, 
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XV,  261).  A  man  of  50  was  admitted  to  the  Massachusetts  Charitable  Eye  and 
Ear  Infirmary  on  November  13,  1905.  Six  months  before  this  he  complained 
of  double  vision  and  noticed  a  prominence  of  his  left  eye.  Two  months  ago  he 
noticed  a  swelling  at  the  upper  part  of  the  sternum.  In  the  Infirmary  examination 
showed  a  smooth  rounded  tumor  Syi  x  8^  cm.  over  the  sterno-clavicular  articula¬ 
tion.  At  the  upper  and  outer  half  of  the  left  orbit  was  a  hard  bone-like  mass, 
in  size  and  shape  somewhat  resembling  the  lachrymal  gland,  firmly  attached  to 
the  orbit  wall.  Toward  the  nasal  side  another  tumor  is  felt  more  elastic  to  the 
touch  and  situated  deeper  in  the  orbit.  Portions  of  each  tumor  were  removed 
for  diagnosis.  Macroscopically  the  tissue  from  both  situations  was  soft,  trans¬ 
lucent  and  slightly  yellow  in  color,  somewhat  resembling  adipose  tissue.  The 
patient’s  urine  contained  Bence-Jones’  albumin.  After  the  operation  the  patient 
lived  two  months.  During  this  time  both  growths  increased  in  size  and  four 
new  ones  appeared  over  the  thigh.  There  was  no  autopsy. 

Microscopic  Examination. — This  is  a  very  cellular  tumor  with 
sparse  stroma  (Plate  X,  Fig.  8).  The  stroma  present  is  in  the 
form  of  a  coarse  meshed  reticulum  enclosing  many  cells,  Fibroglia 
fibrils  occur  but  the  connective  tissue  elements  bear  no  close  relation 
to  the  tumor  cells. 

The  cells  in  pieces  from  the  orbital  and  sternal  tumors  differ 
somewhat  in  appearance.  Those  (Plate  X,  Fig.  9)  in  the  orbital 
tumor  are  slightly  larger  averaging  9.4  x  7.6  microns.  They  have 
relatively  more  cytoplasm  and  a  more  eccentric  position  of  the 
nucleus.  They  have  a  distinct  cell  outline,  but  no  suggestion  of 
a  cell  membrane.  In  shape  they  are  oval  to  roughly  polygonal 
according  to  the  degree  of  crowding  together.  The  cells  in  the 
sternal  tumor  are  slightly  smaller,  averaging  8.5  x  5.5  microns. 
The  nucleus  is  not  so  distinctly  eccentric  in  position,  and  there  is 
in  many  cells  a  suggestion  of  a  cell  membrane. 

The  cytoplasm  in  both  is  finely  granular,  or  almost  homogeneous 
according  to  variations  in  staining  method.  Some  cells  are  finely 
vacuolated  and  vacuolation  of  the  periphery  may  give  the  cells  a 
ragged,  frayed  out  appearance.  The  cytoplasm  is  weakly  baso¬ 
philic.  In  many  cells  can  be  found  one  or  two  small  dots  staining 
dark  blue  with  phosphotungstic  acid  hematoxylin.  These  usually 
lie  near  the  nucleus  in  a  pale  zone,  and  are  interpreted  as  centro- 
somes. 

The  nuclei  (Plate  X,  Fig.  9)  are  vesicular  with  a  distinct  out¬ 
line,  and  average  5,7  x  5.4  microns.  Chromatin  is  present  in  rather 
small  masses  scattered  through  the  nucleus.  There  is  a  slight 
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tendency  to  peripheral  grouping  of  the  chromatin.  In  the  central 
part  of  many  nuclei  there  is  a  small  rounded  metachromatically 
staining  body  considered  to  be  a  nucleolus. 

A  few  cells  are  larger  and  contain  two  or  three  nuclei.  A  few 
have  smaller,  shrunken,  deeply  staining,  nuclei.  Some  of  the  latter 
are  tinted  yellow  and  bear  a  close  resemblance  to  nucleated  red 
blood  corpuscles.  However  gradations  between  these  and  normal 
cells  can  be  easily  traced. 

Mitoses  are  quite  easily  found  in  the  sternal  growth  but  are 
excessively  rare  or  absent  in  sections  from  the  orbital  tumor. 

Cace  V  (E.  and  E.  L,  2-1 177).  This  specimen  was  also  given  me  by  Dr.  F. 
H.  Verheoff  with  the  following  note  from  the  clinical  records  of  the  Massachu¬ 
setts  Charitable  Eye  and  Ear  Infirmary.  A  male,  age  50,  was  admitted  to  the 
Infirmary  June  5,  1906.  There  had  been  a  tumor  above  and  behind  the  mastoid 
for  three  years.  This  measured  9x5  cm.,  and  was  firmly  adherent  to  the  skull. 
It  was  not  painful  and  not  tender.  At  operation  it  was  found  that  the  tumor 
was  covered  externally  by  a  fibrous  capsule  and  that  it  had  entirely  replaced 
the  bone  so  that  is  was  in  contact  with  the  brain.  It  was  firm  in  consistence  and 
its  cut  surface  was  uniform  and  translucent.  No  other  tumors  were  found.  Dr. 
Verhoeff  obtained  a  faint  reaction  for  albumose  in  the  urine. 

Microscopic  Examination. — In  some  parts  of  this  tumor  con¬ 
nective  ti.'^sue  stroma  is  present  in  large  amount  (Plate  XII, Fig.  14) 
and  everywhere  it  is  more  abundant  than  in  the  other  tumors. 
Where  it  is  most  abundant,  it  occurs  as  quite  coarse  bundles  of 
wavy  connective  tissues  fibrils,  with  cells  crowded  into  the  spaces 
between  in  a  more  or  less  columnar  fashion.  Where  connective 
tissue  is  in  smaller  amount  cells  are  more  numerous  (Plate  XI, 
Fig.  10).  In  the  most  cellular  parts  stroma  is  present  as  a  moder¬ 
ately  course  meshed  reticulum  crowded  with  tumor  cells.  Fibroglia 
fibrils  occur  in  association  with  flattened  connective  tissue  cells,  but 
they  are  not  very  abundant. 

The  shape  of  the  tumor  cells  depends  largely  on  the  amount  of 
stroma.  They  may  be  crowded  into  narrow  crevices  between  con¬ 
nective  tissue  bundles ;  then  they  are  rectangular  or  cuboidal  ( Plate 
XI,  Fig.  ii).  Where  the  spaces  in  which  they  lie  are  larger  the 
cells  are  polygonal  with  one  diameter  greater  than  the  other. 
Where  very  numerous,  they  are  oval  or  even  round.  Except  for 
these  variations  in  shape  due  to  pressure,  the  cells  present  a  very 
uniform  appearance. 
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The  cell  outline  (Plate  XI,  Fig.  ii)  is  sharp.  There  is  no  indi¬ 
cation  of  a  cell  membrane.  The  cytoplasm  is  homogeneous,  very 
finely  granular  or  ground  glass  in  appearance.  Sometimes  it  is 
finely  vacuolated.  The  cytoplasm  is  weakly  basophilic.  The  aver¬ 
age  for  a  number  of  cell  measurements  is  9.9  x  6.4  microns.  The 
nucleus  (Plate  XI,  Fig.  ii)  is  almost  always  eccentically  placed, 
almost  touching  the  cell  boundary.  The  nuclei  are  round  or  oval, 
sometimes  slightly  irregular.  Their  average  size  is  6.9  x  5  microns. 
The  nucleus  has  a  very  distinct  outline  with  a  slight  peripheral  ar¬ 
rangement  of  chromatin.  Chromatin  is  in  fairly  fine  masses  scat¬ 
tered  through  the  nucleus  but  is  relatively  not  very  abundant.  In 
many  nuclei  a  rounded  central  body  is  present  which  takes  a  reddish 
color  with  the  eosin  and  methylene  blue  stain.  This  is  regarded  as 
a  nucleolus.  It  has  an  orange  red  color  in  the  aniline  blue  connective 
tissue  stain,  and  a  reddish  brown  tint  in  the  phosphotungstic  acid 
hematoxylin  stain. 

Near  the  nucleus,  usually  lying  in  a  pale  zone,  small  dots  staining 
dark  blue  with  the  phosphotungstic  acid  hematoxylin  stain  are 
found.  These  are  believed  to  be  centrosomes. 

Besides  the  cells  described  above,  slightly  larger  cells  with  two 
or  three  nuclei  occur.  Except  for  size  and  multiplicity  of  nuclei 
they  resemble  the  other  cells.  They  are  not  numerous.  There 
are  also  a  few  uninuclear  cells  larger  than  those  first  described, 
with  a  larger,  more  deeply  staining,  slightly  irregular  nucleus. 

Typical  mitotic  figures  are  easily  found  in  the  more  cellular  por¬ 
tions,  but  mitosis  is  not  very  active.  The  tumor  is  moderaely 
vascular.  There  is  no  evidence  of  any  association  between  tumor 
cells  and  connective  tissue  fibrils. 

Case  VI  (M.  G.  H.,  297)  was  autopsied  by  Dr.  J.  H.  Wright  at  the  Massa¬ 
chusetts  General  Hospital.  The  following  data  has  been  abstracted  from  Wright’s 
report  {Johns  Hopkins  Hospital  Report,  published  as  a  Festschrift  to  Wm.  H. 
Welch,  1900,  359).  The  patient,  a  man  of  54,  entered  the  Massachusetts  General 
Hospital  February  24,  1898.  About  a  year  before  he  had  noticed  a  small  tumor 
at  about  the  level  of  the  nipples  which  had  grown  steadily.  On  admission  there 
was  a  rounded  tumor,  ii  cm.  in  diameter  in  the  sternal  region  at  about  the 
nipple  line.  This  tumor  was  rather  soft  and  slightly  pulsating.  In  connection 
with  the  ribs  in  the  back  were  several  tumor  nodules.  Examination  with  X-rays 
showed  changes  in  the  Sth,  6th,  7th,  8th,  nth  and  12th  ribs  posteriorly  on  the 
left  side,  and  in  the  7th  and  8th  ribs  on  the  right.  Albumose  was  abundantly 
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present  in  the  urine.  During  the  next  four  months  the  condition  of  the  patient 
remained  practically  stationary.  The  tumors  of  the  ribs  increased  somewhat  in 
size,  but  that  in  the  sternum  did  not.  In  the  head  at  the  juncture  of  the  sagittal 
and  lambdoidal  sutures  a  soft  tumor  the  size  of  a  filbert  appeared.  After  about 
four  months  the  patient  began  to  grow  rapidly  weak  and  to  suffer  much  pain. 
Finally  he  became  unconscious  and  died  July  26,  1898. 

Autopsy  showed  myeloma  of  sternum,  ribs,  vertebrae,  occipital  and  frontal 
bones.  The  gross  appearance  of  the  tumor  is  as  follows;  “A  longitudinal  section 
through  the  sternum  shows  the  bony  tissue,  except  at  the  extremities  of  the  bone, 
almost  entirely  replaced  by  a  tissue  which  is  soft,  mushy,  grayish  red  to  dark 
red  in  color,  and  partly  moderately  firm,  whitish  and  semitranslucent.”  Tumor 
elsewhere  was  quite  similar. 


Microscopic  Examination. — Sections  of  the  tumor  show  stroma 
to  be  very  slight  in  amount.  There  is  a  delicate,  coarse  meshed, 
connective  tissue  reticulum.  Here  and  there  are  spaces  with  in¬ 
definite  outlines  filled  with  blood.  There  are  also  some  definite 
blood  vessels  with  distinct  though  thin  walls.  The  tumor  cells  are 
of  a  surprisingly  uniform  appearance.  They  lie  close  together  but 
for  the  most  part  are  not  crowded  (Plate  XI,  Fig.  12).  There 
is  no  great  variation  in  size ;  they  average  8.4  x  4.2  microns  and 
are  round  or  oval,  frequently  polygonal  when  in  contact  with  each 
other  (Plate  XI,  Fig.  13).  The  cytoplasm  is  almost  homogeneous 
in  the  eosin  and  methylene  blue  preparations.  It  usually  has  a 
ground  glass  appearance  and  it  is  rare  to  find  any  vacuolization. 
The  cytoplasm  has  a  slight  affinity  for  basic  dyes  though  not 
strongly  basophilic.  The  cells  show  no  distinct  cell  membrane, 
though  the  cell  outline  is  even  and  sharply  demarcated. 

The  nucleus  (Plate  XI,  Fig.  13)  is  almost  always  round  and 
averages  4.2x4.!  microns.  An  eccentric  position  is  almost  con¬ 
stant.  Chromatin  masses  are  relatively  large  in  size,  and  for  the 
most  part  lie  in  close  apposition  to  the  cell  membrane  so  that  there 
is  left  a  small  central  portion  rather  free  from  chromatin.  Here 
is  frequently  seen  a  small,  more  refractile,  rounded  mass  taking 
a  pinkish  stain  in  eosin  and  methylene  blue  preparations  in  con¬ 
trast  to  the  blue  of  the  other  nuclear  content.  This  body  is  re¬ 
garded  as  the  nucleolus. 

In  sections  stained  with  phosphotungstic  acid  hematoxylin  many 
cells  show  in  a  paler  zone  near  the  nucleus  one  or  two  small,  blue 
black  dots  like  centrosomes. 
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A  few  cells  with  two  nuclei  occur  but  these  are  not  frequent. 
Many  cells  show  a  shrunken  deeply  staining  nucleus,  and  it  is  not 
uncommon  to  find  cells  stained  with  haemoglobin.  No  mitoses 
could  be  found  in  cells  in  definite  tumor  masses,  but  they  are  found 
nearby  in  portions  of  bone  marrow  in  which  both  tumor  and 
other  cells  occur.  However  it  is  not  possible  to  say  whether  these 
are  tumor  cells  in  mitosis  or  not. 

Sections  from  all  six  tumors  were  stained  in  Ehrlich’s  triacid 
stain,  followed  by  differentiation  in  dilute  acetic  acid.  However  in 
none  could  granules  in  the  Ehrlich  sense  be  brought  out,  though 
many  of  the  cells  thus  stained  had  a  more  granular  appearance  than 
when  stained  with  eosin  and  methylene  blue.  This  granulation 
however  did  not  suggest  that  of  myelocytes. 

The  preceding  cases  have  been  described  especially  from  the 
point  of  view  of  cytology.  Clinical  history  and  autopsy  findings 
have  been  included  only  so  far  as  was  deemed  necessary  to  justify 
the  diagnosis  of  multiple  myeloma.  The  cases  are  not  intended 
to  add  anything  to  the  casuistic s  of  the  condition.  By  comparing 
side  by  side  the  cells  in  these  cases  it  is  hoped  that  a  clearer  insight 
into  the  nature  of  the  cells  may  be  attained,  and  if  possible  the  many 
conflicting  interpretations  of  the  nature  of  these  cells  be  harmon¬ 
ized.  It  will  be  interesting  in  this  connection  to  review  briefly 
such  cases  as  have  been  reported  by  others,  excluding  those  in 
which  cell  description  is  given  in  insufficient  detail.  The  earlier 
cases  cannot  be  included  owing  to  meagreness  of  histological  de¬ 
scription,  and  a  number  of  more  recent  ones  are  excluded  for  sim¬ 
ilar  reasons. 

The  case  of  Thomas  {loc.  cit.)  is  described  here  in  detail  from  tissues  obtained 
at  autopsy.  He  considered  the  cells  to  be  closely  allied  to  plasma  cells.  Wright’s 
case  {loc.  cit.)  has  been  described  here.  Wright  believes  the  cells  to  be  plasma 
cells. 

MacCallum’s  case  {loc.  cit.)  is  included  in  my  series.  He  regards  the  cells  as 
non-granular  myelocytes. 

Abrikossoff  {Virch.  Archiv.  f.  Path.  Anat.,  1903,  clxxiii,  335)  describes  the 
cells  in  his  case  as  measuring  8  to  14  microns.  The  cells  are  rich  in  cytoplasm. 
The  nucleus  is  eccentric,  measures  4  to  6  microns  and  is  round,  oval  or  slightly 
irregular.  Rarely  the  cells  have  two  nuclei.  The  nuclei  have  a  delicate  chro¬ 
matin  network  and  distinct  nucleolus.  The  photograph  of  an  area  in  this  case 
resembles  Case  IV  of  my  series.  Abrikossoff  interprets  the  cells  as  myelocytes. 
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Vignard  and  Gallavardin  {Rev.  de  Chir.,  1903,  xxiii,  91)  report  two  cases.  In 
Case  I  the  cells  are  cubical  or  polygonal.  Cytoplasm  is  relatively  abundant  and 
non-granular.  A  drawing  shows  eccentric  position  of  nucleus  which  is  relatively 
small.  Nuclear  detail  is  not  given.  In  Case  II,  also  reported  by  Dubost  (These, 
Paris,  1896-97)  the  cells  are  round  or  polyhedral.  The  cytoplasm  is  non-granular 
and  relatively  scant.  The  authors  make  no  attempt  to  homologize  the  cells. 

Weber  {Am.  Jour,  of  Med.  Sciences,  1903,  cxxvi,  644,  and  Jour,  of  Path,  and 
Pact.,  1903,  ix,  172)  finds  rounded  or  polyhedral  mononuclear  cells  with  granular 
cytoplasm  and  eccentric  nucleus.  Muir  thinks  these  cells  are  derived  from  the 
myelocyte.  MacLeod  says  they  morphologically  resemble  plasma  cells,  but  the 
nuclei  do  not  show  the  characteristic  arrangement  of  five  or  six  deeply  staining 
chromatin  bodies  around  the  periphery  so  generally  found  in  plasma  cells. 

Ribbert  {Centralbl.  f.  allgem.  Path.,  1904,  xv,  337)  describes  cells  like  marrow 
cells,  some  of  which  are  tinged  with  haemoglobin  and  resemble  erythroblasts. 
Ribbert  believes  the  tumor  cells  to  be  erythroblasts.  His  cell  description  is 
insufficient  to  give  any  adequate  idea  of  the  appearance  of  the  cells  beyond  their 
haemoglobin  content. 

Zininger  {Am.  Med.,  1904,  vii,  637)  finds  large  oval  or  angular  cells  with 
eccentric  vesicular  nuclei  and  a  nucleolus.  Sometimes  two  to  four  nuclei,  sepa¬ 
rated  or  connected  by  a  chromatin  thread,  occur.  Tumor  cells,  according  to  this 
author,  resemble  the  plasma  cells  of  Unna  except  for  larger  size  and  vesicular 
nucleus. 

Scheele  and  Herxheimer  {Zeitsch.  f.  klin.  Med.,  1904,  liv,  57)  describe  round 
or  polygonal  cells  with  relatively  large  nucleus  and  slight  cytoplasm.  The 
nucleus  is  somewhat  larger,  more  lightly  staining  and  with  more  distinct  chro¬ 
matin  net  and  nucleolus  than  in  the  ordinary  lymphocyte.  They  think  the  cells 
are  derived  from  myelocytes. 

Hoffmann  {Ziegler's  Beitrdge  s.  path.  Anat.,  1904,  xxv,  317)  reports  a  case, 
unique  in  that  it  is  a  characteristic  myeloma  with  metastasis  in  the  liver.  Exten¬ 
sion  from  bone  to  soft  parts  often  occurs,  but  with  the  exception  of  Hoffmann’s 
case  and  my  Case  III,  metastasis  is  not  reported.  The  cells  in  Hoffmann’s  case 
are  round  or  oval  and  stain  intensely  with  Unna’s  polychrome  methylene  blue 
except  near  the  nucleus  where  there  is  a  paler  zone.  The  nuclei  are  eccentric 
in  position.  Sometimes  there  are  two  nuclei.  Hoffmann  believes  in  the  plasma 
cells  origin  of  these  tumor  cells.  His  plates  show  cells  similar  to  those  in  Case 
I  of  my  series. 

Sternberg  {Verhandl.  d.  Deutsch.  path.  Gesellschaft,  1904,  vi,  34,  and  Zeitsch. 
f.  Heilk.,  1904,  xxv.  Path.  Anat.  Abth.,  89)  describes  cells  like  large  mononuclear 
leucocytes  with  relatively  large  palely  staining  round  or  oval  nuclei.  Chromatin  is 
similarly  arranged  as  in  plasma  cells.  Sternberg  demonstrates  neutrophile  gran¬ 
ules  in  the  cytoplasm  and  considers  the  cells  to  be  myelocytes. 

Aschoff  {Munch,  med.  Woch.,  1906,  liii,  337)  in  his  case  finds  cells  which  in 
cytoplasmic  staining,  eccentric  nucleus  and  coarse  chromatin  masses  resemble 
plasma  cells.  Also  there  are  cells  similar  to  myeloblasts. 

Jores  {Deutsch.  med.  JVoch.,  1906,  xxxii,  863)  in  a  brief  cell  description  likens 
the  cells  to  large  mononuclear  cells  of  the  blood.  The  cytoplasm  is  non-granular 
and  no  haemoglobin  is  present  in  the  cells.  He  interprets  them  as  mother  cells  of 
the  leucocyte  series. 
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Lubarsch  {Virch.  Archiv.  f.  path.  Anat.,  1906,  clxxxiv,  213)  describes  large 
round  or  polygonal  cells  with  intensely  stained  nucleus.  The  cells  are  not 
granular.  He  considers  metastasis  to  be  possible. 

Von  Verebely  {Beitr.  2.  klin.  Chir.,  1906,  xlviii,  614).  Cells  round  or  poly¬ 
gonal  with  no  cell  membrane  but  a  sharp  outline,  occasionally  ragged.  The 
nucleus  is  eccentric.  Cytoplasm  is  basophilic  with  clear  perinuclear  zone.  The 
nucleus  is  round  or  oval  with  distinct  nuclear  membrane  and  mural  arrangement 
of  chromatin.  Sometimes  cells  with  two  to  three  nuclei  are  found.  The  cells 
resemble  plasma  cells. 

Menne  {Virch.  Archiv.  f.  path.  Anat.,  1906,  clxxxiii,  115)  reports  two  cases. 
In  Case  I  the  cells  are  large  and  round.  They  have  large  round  or  oval  nuclei, 
infrequently  eccentric.  Nuclei  show  a  delicate,  regular,  chromatin  network  and 
distinct  nucleolus.  The  cytoplasm  is  not  granular.  In  Case  II  smears  were  made 
and  stained,  but  no  granules  were  found  in  the  cytoplasm.  No  haemoglobin  was 
in  these  cells.  Menne  believes  the  cells  are  pseudomyelocytes. 

Verhoeff  (he.  cit.)  interprets  the  cells  in  his  case,  one  of  those  studied  here, 
as  plasma  cells.  All  these  tumors  were  very  cellular  and  stroma  was  scant. 

These  cases  in  so  far  as  may  be  judged  from  their  descriptions 
show  a  quite  uniform  cell  type,  though  there  is  considerable  minor 
variations  in  cells  in  the  different  tumors.  For  eight  of  the  cases 
it  is  claimed  by  their  reporters  that  the  cells  find  a  close  analogy 
in  the  plasma  cell.  Of  six  it  is  believed  that  the  cells  bear  a  close 
relation  to  immature  myelocytes.  In  one,  the  case  of  Sternberg, 
cytoplasmic  granulation  is  described.  In  Ribbert’s  case  an  erythro¬ 
blastic  nature  is  claimed.  In  some  cases  no  attempt  to  homologize 
the  cells  was  made.  The  question  arises.  How  far  in  light  of  these 
cases  can  the  histogenetic  source  of  the  tumor  cells  be  determined? 

Myelomata  develop  in  the  bone  marrow,  presumably  from  some 
cell  or  cell  group  normally  present  within  the  bone  marrow,  if  they 
follow  the  laws  which  are  believed  to  govern  tumor  formation  in 
general.  If  this  is  the  case,  then  in  the  bone  marrow  should  be 
found  cells  of  analogous  appearance.  Identity  of  cell  structure  is 
not  to  be  expected,  for  the  wide  range  of  possible  variation  in  tumor 
cells  from  their  ancestral  cell  type  is  well  known.  The  problem 
of  determining  the  cell  relations  of  the  myeloma  cell  is  all  the  more 
difficult  because  in  bone  marrow  there  is  such  a  variety  of  cell  forms. 

A  study  of  the  bone  marrow  from  a  variety  of  cases  shows  that 
but  two  cell  types  have  any  very  close  resemblance  to  the  cells  of 
these  myelomata.  Both  are  cells  which  have  a  slightly  basophilic 
cytoplasm,  distinct  cell  outline  but  no  cell  membrane.  Both  have 
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a  nucleus,  frequently  eccentric  in  position,  with  a  distinct  nuclear 
membrane  and  fairly  constant  nucleolus.  In  the  one  the  nucleus 
is  pale  staining  with  fine  chromatin  masses  generally  scattered 
throughout  the  nucleus,  sometimes  clumped  more  or  less  toward 
the  center,  but  without  any  tendency  to  a  mural  arrangement. 
These  cells  (Plate  XII,  Fig.  17)  belong  to  the  myelocyte  series,  an 
early  stage  of  development,  usually  before  the  specific  granulation 
in  the  Ehrlich  sense  takes  place,  and  are  numerous  in  all  active 
marrows.  They  may  be  called  premyelocytes. 

In  the  other  cell  (Plate  XII,  Fig.  15)  the  nucleus  stains  more 
deeply,  the  chromatin  masses  are  coarser,  there  is  rarely  any  cen¬ 
tral  clumping  of  the  chromatin  but  a  strong  tendency  to  a  mural 
arrangement  of  chromatin  masses.  A  nucleolus  is  a  more  con¬ 
stant  feature.  These  cells  appear  to  be  constantly  found  in  bone 
marrow.  They  are  usually  infrequent  and  never  in  large  num¬ 
bers.  The  maximum  that  I  have  ever  found  are  scattered  groups 
(Plate  XII,  Fig.  16,  two  cells  in  focus)  of  five  or  six  cells  with  a 
few  single  cells  so  that  about  every  other  field  of  a  Zeiss  2  mm. 
objective  and  4  ocular  would  show  at  least  one  of  these  cells.  This 
was  in  cirrhosis  of  liver  (i  case),  staphylococcus  pyemia  (i), 
pernicious  anemia  (i),  pyonephrosis  (i),  organizing  pneumonia 
and  glomerulo-nephritis  (i),  carcinoma  of  prostate  (i).  I  have 
found  them  fewer  in  number,  generally  singly,  in  cases  of  pyelone¬ 
phritis  (i),  myelogenous  leukemia  (i),  tertiary  syphilis  and  acute 
bronchopneumonia  ( i ) ,  arteriosclerosis  and  heart  hypertrophy  ( i ) , 
acute  bronchopneumonia  ( i ) .  I  have  never  been  able  to  find  any 
evidence  of  developmental  changes  in  these  cells.  Their  nature  is 
not  certain.  They  seem  to  have  no  relation  to  the  formation  of 
erythrocytes  or  polynuclear  leucocytes.  Of  their  relation  to  the 
lymphocyte  series  I  can  give  no  positive  evidence.  They  appear 
closely  related.  Their  closest  analogue  outside  of  the  bone  marrow 
is  the  plasma  cell  from  which  they  differ  in  being  slightly  larger, 
both  cell  body  and  nucleus,  in  having  a  less  homogeneous  ground 
glass  cytoplasm,  in  being  rather  less  basophilic,  in  having  not  quite 
so  coarse  chromatin  granules,  but  all  these  differences  are  of 
minor  degree  and  do  not  serve  to  distinguish  sharply  these  cells 
from  the  plasma  cells  of  inflammatory  tissue.  However  as  there 
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are  these  slight  differences,  I  prefer  to  speak  of  these  cells  in  the 
bone  marrow  as  bone  marrow  plasma  cells,  and  regard  them  as  in 
some  way  related  to  the  lymphocyte  series  of  cells. 

Which  of  these  cells  stands  closest  to  the  myeloma  cell?  As  is 
evident  from  the  description  of  the  cells  in  the  myelomata  reported 
by  me  and  by  others,  there  is  considerable  variation  in  the  cell 
picture.  The  features  most  constant  in  the  tumor  cells  are  cyto¬ 
plasm  finely  granular  or  slightly  vacuolated,  slightly  basophilic;  a 
nucleus  eccentric  in  position,  with  a  tendency  to  a  mural  arrange¬ 
ment  of  chromatin  and  a  nucleolus;  the  presence  of  centrosomes. 
There  is  some  variation  in  cell  size,  the  average  of  measurements 
in  each  case  being 


Case  VI 

cell  body 

8.4  X  4.2 

microns ;  nucleus  4.2  x  4.1 

microns. 

Case  IV  sternal  part 

« 

8.5  X  5.5 

“  “  5-7  X  5.4 

u 

Case  IV  orbital  part 

« 

9.4  X  7.6 

it  U 

u 

Case  V 

9.9  X  6.4 

“  “  6.9x5 

u 

Case  II 

a 

10.4  X  6.8 

“  “  6  x6 

H 

Case  III 

u 

10.5  X  6.8 

“  “  7.2  x  6.4 

<t 

Case  I 

u 

11.4x7.7 

“  “  8.1  X  7.2 

U 

To  compare  with  these  I  have  made  measurements  of  a  number 
of  cells  in  the  bone  marrow.  The  average  of  these  is : 


For  myelocytes  and  premyelocytes: 

Case  of  pernicious  anemia  cell  body  11.5x9.25  microns;  nucleus 8  X7.5  microns 


Case  of  acute  bronchopneumonia  “  11.8x8.25 

Case  of  cirrhosis  of  liver  “  12.25x9.7 

For  bone  marrow  plasma  cells : 

Case  of  pernicious  anemia  cell  body  9.7x7 
Case  of  acute  bronchopneumonia  “  8.6x6.6 

Case  of  cirrhosis  of  liver  “  9  9x7.5 


7.2X6.5 

8.5X7.2 

5. 1x4.6 

5-3x5 

5.6X4.8 


From  these  measurements  it  is  evident  that  cell  body  and  nucleus 
of  the  myelocytes  are  rather  larger  than  those  of  the  tumor  cells. 
The  bone  marrow  plasma  cells  agree  in  size  with  the  cells  of  those 
tumors  which  have  the  smaller  sized  cells  (Cases  VI,  IV  and  V). 
A  glance  at  the  cell  descriptions  in  these  will  show  that  these  tumors 
have  cells  which  agree  closely  in  structure  with  the  bone  marrow 
plasma  cells.  (Compare  Fig.  15  with  Figs.  9,  ii  and  13.)  The 
other  tumors  have  cells  which  while  retaining  the  characteristics 


’  All  these  measurements  were  made  on  cells  in  tissue  hardened  in  Zenker’s 
fluid,  embedded  in  paraffin  and  stained  with  eosin  and  methylene  blue.  The  same 
lenses  and  micrometer  were  used  throughout. 
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in  part  of  the  plasma  cells  yet  show  differences.  Still  these  dif¬ 
ferences  though  in  the  direction  of  the  premyelocyte  do  not  give 
a  cell  so  large  as  the  premyelocyte,  and  when  compared  side  by 
side  the  cells  appear  to  be  more  closely  homologous  with  the  bone 
marrow  plasma  cells  than  with  the  premyelocytes.  This  is  cer¬ 
tainly  true  also  for  the  cells  in  many  of  the  tumors  reported  by 
others. 

In  other  words  it  seems  possible  to  arrange  the  cells  of  these 
tumors  in  series  so  that  between  the  cells  of  succeeding  cases  the 
differences  are  slight,  though  the  difference  between  the  cells  at 
the  extremes  are  fairly  great.  (As  such  a  series  take  the  cells  in 
the  following  order.  Fig.  3,  7,  ii,  5,  g  and  13,  ending  with  Fig. 
15,  a  bone  marrow  cell.)  The  cells  of  one  tumor  (Case  VI) 
described  by  me  are  almost  identical  in  structure  with  plasma  cells 
of  the  marrow,  and  those  in  two  others  (Cases  IV  and  V)  are  but 
very  slightly  different.  The  cells  in  the  other  cases  seem  to  me 
to  present  more  similarity  to  the  plasma  cell  than  to  the  myelocyte. 
If  the  myelocyte  is  assumed  to  be  the  ancestral  cell  the  departure 
from  the  type  is  very  much  greater.  (Compare  the  premyelocyte  in 
Fig.  17  with  cells  in  the  series  given  above.)  It  is  probably  not 
possible  to  give  any  convincing  proof  of  the  ancestry  of  these  cells. 
The  cases  studied  side  by  side  and  in  comparison  with  bone  mar¬ 
row  cells  leave  the  impression  that  we  have  in  these  tumors  a 
development  from  certain  bone  marrow  cells,  which  I  have  consid¬ 
ered  to  be  bone  marrow  plasma  cells.  Whether  this  is  true  for 
all  reported  cases  is  exceedingly  difficult  to  say,  especially  for  those 
cases  in  which  the  cells  are  not  described  in  much  detail.  Possibly 
some  cases,  as  that  of  Sternberg  in  which  neutrophilic  granules  are 
described,  may  have  to  be  regarded  as  an  exception. 

Ribbert’s  {loc.  cit.)  contention  that  the  case  studied  by  him  was 
composed  of  erythroblastic  cells  is  not  supported  by  these  cases. 
The  frequent  presence  in  my  cases  of  cells  stained  with  haemoglobin 
and  resembling  nucleated  red  blood  corpuscles  as  already  described 
suggests  the  possibility  that  a  similar  condition  may  have  been 
present  in  Ribbert’s  case.  In  my  cases  it  seems  very  certain  that 
these  cells  result  from  a  combination  of  cell  degeneration  and 
haemoglobin  staining.  Such  haemoglobin  staining  of  plasma  cells 
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is  by  no  means  uncommon,  especially  in  the  spleen  where  I  have 
observed  it  many  times,  and  this  fact  may  be  taken  as  some  slight 
further  evidence  of  the  plasma  cell  nature  of  the  tumor  cells. 

There  is  nothing  in  these  tumors  to  suggest  any  transformation 
of  cells  along  the  line  of  development  from  premyelocyte  to  poly¬ 
morphonuclear  leucocyte.  Sternberg  is  the  only  observer  who 
has  succeeded  in  demonstrating  neutrophile  granules  in  the  cells 
of  a  myeloma.  This  fact  in  this  single  case  does  not  seem 
sufficient  evidence  on  which  to  base  the  opinion  that  all  myeloma 
cells  are  myelocytes  in  some  stage  of  development  when  we  con¬ 
sider  the  great  similarity  of  the  cells  in  very  many  cases  to  plasma 
cells.  If  more  cases  like  Sternberg’s  are  accumulated,  it  would 
justify  a  subdivision  of  myelomata  into  (a)  those  with  cells  re¬ 
sembling  plasma  cells,  and  (b)  those  with  cells  resembling 
myelocytes.  Even  then  it  would  still  be  possible  without  claiming 
a  histogenetic  relation  between  plasma  cell  and  myelocyte  to  form  a 
tumor  group,  having  the  main  characteristics  already  described  for 
the  myelomata,  in  which  all  cases  could  be  arranged  in  series  with  a 
tumor  composed  of  cells  identical  with  plasma  cells  at  one  end  of 
the  series,  and  a  tumor  with  cells  identical  with  myelocytes  at  the 
other,  while  between  would  come  cases  whose  cells  represented  a 
gradual  transition,  from  one  to  the  other.  Such  a  group  would  con¬ 
tain  tumors  showing  no  greater  differences  than  occur  in  all  other 
tumor  groups  such  as  sarcomata,  carcinomata,  etc.  However  with 
regard  to  the  tumors  actually  studied  by  me  all  would  be  grouped 
at  the  plasma  cell  end  of  such  a  series. 

SUMMARY. 

A  histological  study  of  six  cases  of  myeloma  shows  a  striking 
similarity  of  cell  structure  with  differences  of  minor  degree.  The 
common  characteristics  of  the  cells  are  a  finely  granular,  slightly 
basophilic  cytoplasm,  an  eccentrically  placed  nucleus,  a  nucleolus, 
centrosomes,  a  nuclear  membrane  and  a  tendency  to  mural  arrange¬ 
ment  of  the  chromatin.  With  these  characteristics  there  is  a 
greater  resemblance  of  the  tumor  cells  to  bone  marrow  plasma 
cells  than  to  myelocytes.  In  most  of  the  cases  reported  by  other 
observers  the  cells  show  these  characteristics  and  these  tumors 
form  a  group  within  which  the  cells  of  individual  cases  show  no 
greater  variation  than  occurs  in  other  tumor  groups. 
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Description  of  Plates  IX-XII. 

Fig.  I.’  Rib  from  Case  I. 

Figs.  2,  4,  6,  8,  10,  and  12.  Low  power  (425  diameters)  fields  from  the  six 
tumors  to  show  cellular  character  and  scant  stroma. 

Fig.  14.  (425  diameters.)  Fibrous  portion  of  tumor  from  Case  V. 

Figs.  3,  S,  7,  9,  ii,  and  13.  Cells  (1500  diameters)  from  each  tumor. 

Fig.  15.  Bone  marrow  plasma  cell  from  a  case  of  pernicious  anaemia.  (1500 
diameters.) 

Fig.  16.  Group  of  bone  marrow  plasma  cells  from  a  case  of  cirrhosis  of 
the  liver.  (1500  diameters.) 

Fig.  17.  Bone  marrow  from  case  of  cirrhosis  of  liver.  Shows  premyelocyte, 
plasma  cell  and  eosinophilic  myelocyte.  (1500  diameters.) 

*For  all  these  photographs  I  am  indebted  to  Mr,  L.  S.  Brown  of  the  Massa¬ 
chusetts  General  Hospital. 


THE  HISTOLOGICAL  LESIONS  OF  EXPERIMENTAL 

GLANDERSP 


By  CHARLES  W.  DUVAL,  M.D.,  and  PERCIVAL  G.  WHITE,  M.D. 

(From  the  Pathological  Laboratory  of  the  Montreal  General  Hospital.) 

Research  into  the  histological  lesions  of  experimental  glanders 
has  hitherto  failed  to  yield  comprehensive  results.  The  literature 
of  the  subject  is  scanty  and  affords  at  best  an  inadequate  descrip¬ 
tion  of  the  acute  lesions.  The  views  held  by  various  observers 
regarding  the  histology  of  experimental  glanders  are  conflicting 
and  observations  upon  the  tubercle  of  this  infection  are  extremely 
contradictory. 

Baumgarten^  states  that  the  histogenesis  of  the  tubercle  of  ex¬ 
perimental  glanders  is  essentially  the  same  as  that  of  the  miliary 
tubercle  differing  only  in  that  the  former  undergoes  necrosis  more 
quickly  than  the  latter.  He  holds  that  the  primary  effect  of  the 
glanders  bacillus  upon  a  tissue  is  the  proliferation  of  the  “  fixed 
cells  ”  with  secondary  degenerative  change  and  not  destruction  of 
tissue  and  polynuclear  invasion.  Wright,®  on  the  contrary,  con¬ 
cludes  that  the  experimental  glanders  tubercle  and  the  miliary 
tubercle  are  not  analogous  in  their  histogenesis,  and  states  that 
there  is  primary  necrosis  of  the  tissue  followed  by  exudation,  which 
is  frequently  of  a  suppurative  character.  Tedeschi,^  probably 
working  with  cultures,  in  virulence  intermediate  between  those 
used  by  Baumgarten  and  by  Wright,  concluded  that  the  primary 
effect  of  the  bacillus  of  glanders  was  necrosis  of  the  tissue  with 
leucocytic  invasion. 

These  conflicting  observations  have  led  us  to  undertake  the  fol¬ 
lowing  experimental  work  in  the  hope  of  determining  whether  or 
not  the  histological  changes  in  experimental  glanders  vary  directly 
with  the  virulence  of  the  organism  employed. 

*  Read  before  the  Association  of  American  Physicians,  May  8,  1907. 

*  Lehrbuch  der  path.  Mykologie,  1885. 

*Jour.  of  Exper.  Med.,  1896,  i,  577. 

*ZeigleFs  Beitrdge,  1893,  xiii,  365. 
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METHODS. 

The  animals  employed  throughout  this  work  were  rabbits  and 
guinea-pigs.  The  methods  of  inoculation  were  subcutaneous,  in¬ 
travenous,  intraperitoneal,  intra-orbital  and  corneal.  The  inocula¬ 
tions  are  grouped  in  series  according  to  the  mode  of  inoculation 
and  the  virulence  of  the  culture  employed. 

Rabbits  were  the  only  animals  employed  for  corneal  inocula¬ 
tions.  Two  methods  were  used,  (i)  inoculation  with  parallel  in¬ 
cisions,  and  (2)  subepithelial  injection.  After  etherization  the 
eyeball  was  steadied  with  fixation  forceps,  care  being  taken  not  to 
injure  the  cornea.  Under  aseptic  precautions  three  parallel  in¬ 
cisions  into  the  corneal  substance  were  made  about  2  mm.  apart 
and  well  away  from  the  sclero-corneal  junction.  The  cornea  thus 
prepared  was  then  inoculated  with  the  glanders  culture  by  means 
of  a  platinum  needle. 

With  the  second  method  a  suspension  of  bacilli  was  injected 
beneath  the  corneal  epithelium  by  means  of  a  sterile  hyperdermic 
needle  at  a  distance  from  the  point  of  entrance.  With  both  methods 
one  eye  was  used  as  a  control  in  every  instance.  The  animals  were 
afterwards  killed  at  intervals  varying  from  fifteen  minutes  to  three 
weeks. 

The  same  strain  of  bacillus  Mallei  was  used  throughout  the  work 
which  extended  over  a  period  of  two  years.  The  animals  were 
injected  with  varying  amounts  of  a  highly  virulent  culture,  of  a 
moderately  virulent  culture,  of  an  attenuated  culture,  and  of  a 
culture  killed  by  heat. 

The  attenuated  culture  was  obtained  by  frequent  transplantation 
during  a  period  of  eighteen  months.  It  is  interesting  to  note  that 
the  bacilli  of  lowered  toxicity  change  remarkably  in  their  morpho¬ 
logical  and  cultural  characteristics.  They  lose  their  short  plump 
appearance  and  become  thin,  elongated  rods  with  definite  clear 
spaces  at  regular  intervals  along  the  body.  On  the  ordinary  cul¬ 
ture  media  such  as  potato,  agar-agar,  blood  serum,  etc.,  the  culture 
within  twenty-four  hours  becomes  extremely  dry,  tenacious  and 
stringy;  it  is  so  tenacious  that  it  is  difficult  to  take  off  a  part  of 
the  growth  with  a  platinum  loop,  the  whole  surface  growth  coming 
away  en  masse.  In  our  experience  these  peculiarities  of  the  sur¬ 
face  culture  are  characteristic  of  the  period  of  non-virulence. 
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The  highly  virulent  bacilli  were  obtained  by  frequent  passage 
through  a  series  of  guinea-pigs.  Devitalized  bacilli  were  pre¬ 
pared  by  suspending  in  fifteen  cubic  centimeters  of  physiological 
saline  solution  a  twenty-four  hour  growth  of  a  virulent  agar  slant 
culture  and  heating  the  suspension  for  two  hours  at  56°  C. 

The  bacilli  were  prepared  for  inoculation  from  a  twenty-four 
hour  growth  upon  one  per  cent,  dextrose  agar  slant  by  washing  with 
fifteen  cubic  centimeters  of  bouillon  or  salt  solution  and  thoroughly 
shaking  to  ensure  an  even  emulsion.  The  dosage  varied  with  the 
virulence  of  the  bacillus  and  the  animal  employed,  whether  rabbit 
or  guinea-pig. 

In  general  the  dosage  was  as  follows : 

1.  Of  attenuated  culture,  3  c.c.  for  guinea-pigs  and  10  c.c.  for 
rabbits. 

2.  Of  moderately  virulent  culture,  i  c.c.  for  guinea-pigs  and 
5  c.c.  for  rabbits. 

3.  Of  highly  virulent  culture  0.5  c.c.  for  guinea-pigs  and  2  c.c. 
for  rabbits. 

For  the  corneal  injection  a  very  much  smaller  amount  was  em¬ 
ployed.  Here  the  exact  quantity  of  unsuspended  bacilli  was  not 
accurately  determined,  but  approximately  it  amounted  to  an  in¬ 
jection  of  o.i  cubic  centimeter  in  each  case. 

In  animals  partially  immunized  to  the  virulent  glanders  bacilli 
larger  doses  were  finally  employed.  This  partial  immunization 
was  effected  by  administering  every  three  or  four  days  during  a 
period  of  four  weeks,  gradually  increasing  doses  of  the  virulent 
organism. 

As  stated  by  one  of  us  in  an  earlier  publication,  it  is  only  occa¬ 
sionally  that  rabbits  succumb  to  experimental  inoculation  with 
living  virulent  glanders  bacilli  and  they  are  far  less  susceptible 
to  this  form  of  infection  than  are  guinea-pigs.  The  rabbit  stands 
large  and  repeated  doses.  Pregnant  rabbits  and  mothers  are 
much  more  susceptible.  Though  guinea-pigs  are  very  prone  to 
glanders  infection  it  is  noticeable  how  much  less  susceptible  is  the 
female  than  the  male. 

For  histological  study  the  tissues  were  fixed  in  Zenker’s  fluid, 
alcohol,  or  formalin  and  embedded  in  paraffin.  Eosin-methylene- 
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blue  was  used  in  the  routine  staining  of  sections.  Mallory’s  phos- 
photungstic-hsemotoxylin  and  connective  tissue  stains  were  em¬ 
ployed  for  the  special  differentiation  of  tissues.  Sharlach  R.  was 
employed  to  demonstrate  the  presence  of  fat.  As  a  routine  stain 
the  eosin-methylene-blue  (Mallory)  was  by  far  the  most  satis¬ 
factory. 

The  staining  of  the  bacteria  in  the  tissues  was  accomplished  by 
means  of  a  special  method  which  is  described  elsewhere  in  the 
present  number  of  this  Journal. 

HISTOLOGY. 

In  the  following  histological  description  of  the  lesions  in  experi¬ 
mental  glanders  the  organs  will  be  considered  separately. 

Cornea. — Owing  to  the  absence  of  blood  vessels  and  the  peculiar 
histological  structure  of  the  cornea  this  organ  was  selected  as 
being  the  most  suitable  for  the  study  of  the  earliest  tissue  changes. 

The  cornea  of  the  rabbit  was  used  in  all  three  sets  of  experiments 
owing  to  the  greater  resistance  of  this  animal  to  glanders  infection 
compared  with  the  guinea-pig  and  each  experiment  was  repeated 
in  order  to  control  the  results. 

In  the  first  series,  in  which  the  highly  virulent  culture  was  used, 
the  animals  were  killed  at  varying  periods  ranging  from  half  an 
hour  to  forty  eight  hours  after  inoculation.  In  the  second  series, 
in  which  the  culture  employed  was  of  moderate  degree  of  virulence 
the  rabbits  were  killed  at  varying  intervals  extending  over  a 
period  of  five  days.  In  the  third  series,  inoculated  with  the  at¬ 
tenuated  culture,  the  animals  were  killed  at  intervals  extending 
over  a  period  of  one  month. 

The  lesions  thus  produced  in  the  cornea  fall  readily  into  two  distinct  groups, 
viz.,  the  acute  exudative  and  the  chronic  proliferative,  the  determining  factor 
being  the  virulence  of  the  culture. 

The  comeal  lesion  resulting  from  the  introduction  of  the  highly  virulent 
bacillus  is  to  be  described  as  inflammatory  with  marked  disintegration  of  the 
tissues  and  of  the  invading  leucocytes.  The  disintegration  was  often  observed 
about  the  site  of  injury  within  half  an  hour  of  inoculation  and  before  the 
migrating  leucocytes  from  the  vessels  of  the  limbus  had  time  to  approach — a 
destruction  so  severe  in  some  cases  as  to  render  unrecognizable  the  individual 
cells  comprising  the  lesion. 

The  character  of  the  acute  inflammatory  lesion  varies  to  some  extent  with 
the  time  elapsing  between  the  inoculation  and  the  killing  of  the  animal.  The 
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vessels  in  the  “  danger  zone  ”  of  rabbits  killed  in  fifteen  minutes  after  the  corneal 
inoculation  show  no  evidence  of  change.  There  is  no  apparent  dilatation  of 
either  the  vessels  or  the  perivascular  spaces  and  there  is  an  absence  of  inflam¬ 
matory  cells  migrating  towards  the  site  of  injury.  Nevertheless  at  the  site  of 
inoculation  there  is  a  marked  disintegration  of  the  corneal  tissue  into  cell  frag¬ 
ments  and  deep  blue  homogeneous  chromatin-like  masses  of  varying  size,  appar¬ 
ently  the  result  of  a  direct  action  of  the  glanders  toxin  upon  the  tissues.  These 
chromatin  bodies  have  been  described  by  various  investigators  as  characteristic 
of  the  glanders  nodule.  The  absence  of  polynuclear  cells  approaching  the  site 
of  injury,  and  the  fact  that  the  vessels  in  the  sclero-corneal  zone  are  as  yet  not 
dilated  together  prove  that  the  detritus  and  chromatin  bodies  are  the  product  of 
nuclear  elements  derived  from  the  disintegrated  cells  of  the  injured  area.  After 
a  few  hours  the  injured  area  becomes  invaded  with  the  inflammatory  cells  from 
the  vessels  of  the  limbus,  which  in  turn  suffer  fragmentation  and  disintegration. 

The  cornea  inoculated  with  the  bacilli  of  moderate  virulence  affords  an 
excellent  opportunity  to  study  the  nature  and  origin  of  the  cells  comprising  the 
acute  exudative  lesion.  In  this  series  of  experiments  the  toxin  was  not  of 
sufficient  power  primarily  to  destroy  the  tissue  or  the  invading  leucocytes. 

By  means  of  a  special  method  we  were  able  to  determine  the  number  and 
situation  of  the  glanders  bacilli  and  their  relation  to  the  various  cells.  The  fact 
that  the  bacilli  remain  local  with  no  tendency  to  spread  through  the  tissues 
explains  the  focal  character  of  the  lesion. 

The  most  interesting  feature  of  the  early  lesion  is  the  appearance  of  peculiar 
acidophilic  cells,  which  collect  in  considerable  numbers  about  the  site  of  inocula¬ 
tion  as  early  as  fifteen  minutes  after  the  introduction  of  the  bacilli.  At  this 
period  the  incised  corneal  epithelium  is  gaping  and  the  corneal  spaces  contain 
numbers  of  cells  with  large  deep-staining ‘red  granules.  There  is  no  evidence 
that  these  cells  have  come  from  the  blood  vessels.  They  are  interesting  in  view 
of  their  nature  and  origin,  and  of  the  possible  role  played  in  inflammations 
produced  by  certain  toxins  and  chemical  agents.  These  leucocytes  are  generally 
polymorphonuclear  though  sometimes  the  nucleus  is  similar  to  that  of  the  transi¬ 
tional  leucocytes. 

The  nucleus  is  surrounded  by  twenty  or  thirty  closely  arranged  coarse 
granules  which  stain  intensely  with  eosin.  These  cells  differ  from  the  poly¬ 
morphonuclear  leucocytes  of  the  rabbit,  (i)  by  the  size  and  staining  reaction 
of  their  granules,  (2)  by  their  appearance  in  the  corneal  lesion  long  before 
the  vessels  in  the  limbus  (from  which  the  ordinary  pus  cell  migrates)  react, 
and  (3)  by  the  fact  that  they  are  not  phagocytic  for  the  invading  bacilli. 

These  large  acidophilic  granule  cells  apparently  come  from  the 
tissues  in  the  neighborhood  of  the  injury  or  enter  through  the 
corneal  incision  from  the  conjunctival  sac.  For  in  the  earliest 
lesion  there  is  an  absence  of  any  change  in  the  nearest  vessels  and 
a  wide  clear  field  intervenes  between  the  vessels  and  the  outermost 
cells  about  the  lesion.  Following  the  early  injury  to  the  cornea 
these  cells  are  the  first  to  respond  to  the  bacterial  invasion  and 
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practically  constitute  the  histological  lesion.  (See  Plate  XIII, 
Fig.  2.) 

Opie®  states  that  the  polynuclear  eosinophile  cell  rarely,  if  ever, 
ingests  bacteria.  Kanthack  and  Hardy,®  however,  claim  for  the 
eosinophile  cells  a  primary  attack  directed  against  the  invading 
bacteria.  There  is  every  reason  to  believe  that  the  large  granule 
cells  attracted  early  to  the  corneal  injury  are  eosinophilic  in  nature ; 
and  their  failure  to  take  up  bacteria  would  indicate  the  absence  of 
defense  against  bacterial  invasion. 

The  polynuclear  leucocyte  of  the  rabbit  whose  granules  are 
smaller  and  less  deeply  stained  can  be  traced  from  the  vessels  in 
the  sclero-corneal  junction  in  an  unbroken  path  along  the  corneal 
spaces  just  beneath  the  epithelium,  to  the  site  of  the  injury  where 
they  become  actively  phagocytic  for  the  bacteria. 

The  first  vascular  change  noted  in  the  sclero-corneal  angle  occurs 
about  one  hour  after  the  inoculation  of  the  cornea,  and  consists 
of  a  dilatation  of  the  vessels  and  of  the  perivascular  spaces,  with 
an  accumulation  of  polynuclear  cells  within  the  lumen  and  their 
migration  into  the  surrounding  tissues.  Simultaneously  with  the 
migration  of  the  leucocytes  about  the  vessel  collect  numerous 
lymphoid  and  plasma  cells,  which  apparently  do  not  follow  the 
polynuclear  cells  to  the  site  of  the  injury  but  remain  in  the  tissue 
about  the  vessel. 

The  control  eye  in  each  case  shows  no  reaction  about  the  incision 
for  six  hours  or  more.  Where  the  incisions  penetrate  only  a  short 
distance  into  the  stroma  the  repair  is  complete  in  less  than  twelve 
hours,  as  indicated  by  the  congealed  epithelial  surfaces  without 
the  least  sign  of  an  inflammatory  infiltration.  Often  the  injury 
is  recognized  only  by  the  mass  of  heaped  up  epithelial  cells  pro¬ 
jecting  below  the  limit  of  the  normal  corneal  epithelium. 

Following  inoculation  of  the  bacilli  of  low  degree  of  virulence 
the  proliferative  type  of  lesion  ensues.  The  best  results  were  ob¬ 
tained  by  deep  corneal  injection  of  the  bacilli  by  means  of  a  fine 
needle  without  serious  injury  to  the  corneal  epithelium.  (See 
Plate  XVI,  Fig.  14.)  The  earliest  change  noted  is  swelling  of  the 
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corneal  corpuscles  and  accumulation  of  moderate  numbers  of  poly¬ 
nuclear  eosinophiles.  Later  the  epithelioid  cells  collect  and  give 
rise  to  a  more  or  less  well  defined  focus.  The  microscopic  picture 
in  from  five  to  seven  days  after  inoculation  is  similar  to  that  of 
the  lesion  produced  by  the  tubercle  bacillus.  The  lesion  consists 
of  numerous  cells  of  an  epithelioid  nature  and  moderate  numbers 
of  lymphoid  and  polynuclear  cells.  Giant  cells  were  not  observed 
in  the  lesions  of  the  cornea.  The  occurrence  in  the  proliferative 
type  of  corneal  lesion  of  epithelioid  cells  and  the  absence  of  giant 
cells,  whereas  in  the  other  organs  under  similar  conditions  the  two 
types  of  cells  are  associated,  would  indicate  a  connective  tissue 
histogenesis  for  the  epithelioid  cell.  On  the  other  hand  the  lesions 
in  the  region  of  the  limbus  contain  multinucleated  cells  associated 
with  epithelioid  cells. 

Liver. — The  lesions  in  this  organ  in  rabbits  and  guinea-pigs  differ 
in  no  essential  feature.  The  extent  and  character  of  the  lesion 
depend  upon  the  virulence  of  the  culture.  In  a  large  number  of 
animals  the  liver  shows  well-defined  changes,  presenting  microscop¬ 
ically  the  picture  of  miliary  tuberculosis.  In  general  the  gross 
changes  consist  of  discrete,  glistening,  grayish-white  foci  varying 
in  size  from  minute  points  to  areas  one  millimeter  in  diameter. 
These  areas  are  invariably  found  in  greater  numbers  just  beneath 
the  capsule  of  the  liver  but  in  no  case  where  the  areas  are  seen  on 
the  liver  surface  are  they  absent  from  the  deeper  parts  of  the 
organ.  In  a  number  of  animals  however  no  macroscopic  changes 
were  discernible  although  subsequent  microscopic  study  revealed 
definite  lesions. 

Microscopically  sections  of  liver  tissue  show  a  gradation  in  the  lesions  varying 
with  the  culture  employed,  the  mode  of  inoculation  and  the  susceptibility  of  the 
animal,  the  virulence  of  the  culture  playing  the  most  important  role.  In  general 
these  lesions  are  of  three  types:  (i)  the  acute  inflammatory,  (2)  the  degenera¬ 
tive,  and  (3)  the  proliferative. 

Inoculation  of  the  ear  vein  of  a  rabbit  with  the  highly  virulent  culture  pro¬ 
duces  acute  miliary  abscesses  of  the  liver.  The  partially  attenuated  culture  simi¬ 
larly  injected  at  repeated  intervals  gives  rise  to  focal  lesions  of  a  proliferative 
character.  The  acute  inflammatory  lesions  in  the  liver  consist  of  foci  in  which 
the  cells  have  been  destroyed  and  subsequently  invaded  by  polymorphonuclear 
leucocytes.  These  leucocytes  are  often  so  closely  packed  that  the  fixed  cells  of 
the  part  are  made  out  with  difficulty.  The  lesion  varies  in  structural  character 
from  a  focus  compo.sed  of  fragmented  and  disintegrated  nuclei  and  protoplasmic 
masses,  to  one  in  which  the  cell  collection  is  well  preserved. 
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The  lesions  of  intermediate  grades  are  met  with  in  animals  which  have 
received  repeated  inoculations.  In  general  it  may  be  stated  that  the  difference 
in  severity  noted  in  the  acute  inflammatory  lesions  depends  upon  the  toxicity  of 
the  culture.  The  miliary  abscesses  are  always  sharply  defined  and  do  not  differ 
(except  possibly  in  the  sharpness  of  definition)  from  acute  miliary  abscesses  in 
this  organ  resulting  from  other  infecting  agents. 

The  more  severe  type  of  lesion  presents  the  picture  described  by  most 
observers  as  characteristic  of  the  experimental  lesion.  The  microscopic  appear¬ 
ance  consists  of  a  collection  of  large  and  small  deeply  staining  chromatin  masses, 
scattered  nuclei  and  protoplasmic  fragments.  Fibrin  is  present  in  variable 
amount.  The  glanders  bacilli  are  readily  distinguished  by  a  special  staining 
method  as  small  rods  arranged  singly  and  in  pairs  in  the  center  of  the  focus. 
Although  the  liver  cells  within  the  lesion  cannot  be  distinguished,  those  at  the 
periphery  remain  unchanged,  that  is,  the  necrotic  zone  is  sharply  defined  by 
apparently  normal  cells. 

The  less  severe  form  of  the  acute  lesion  is  composed  of  polynuclear  leuco¬ 
cytes  in  a  good  state  of  preservation.  In  this  type  of  lesion  parts  of  liver  cells 
and  occasionally  whole  liver  cells,  though  necrotic,  are  readily  distinguished. 
There  is  an  absence  of  “  chromatic  globules  ”  and  of  the  macerated  appearance 
so  characteristic  of  the  tissue  changes  in  the  more  severe  type  of  lesion.  Occa¬ 
sionally  an  isolated  necrotic  liver  cell  within  the  focus  contains  several  bacilli 
and  threads  of  fibrin. 

The  miliary  abscesses  of  the  liver  are  found  in  no  particular  site;  they  occur 
either  intralobular  or  interlobular.  However  the  lesion  within  the  lobule  is 
smaller  and  more  sharply  defined.  There  is  less  tendency  for  the  intralobular 
foci  to  spread  and  coalesce  with  neighboring  foci.  Many  of  the  lesions  are 
extremely  small,  consisting  often  of  less  than  a  dozen  closely  collected  poly¬ 
nuclear  cells.  These  early  intralobular  collections  of  leucocytes  seem  to  form 
within  the  subsinusoidal  space.  More  commonly  the  lesion  begins  as  a  collection 
of  leucocytes  within  the  capillary  space,  being  preceded  by  an  injury  to  the 
lining  endothelium,  indicated  by  the  occurrence  of  fibrin  about  the  swollen,  deeply 
stained  lining  cells.  In  some  of  the  early  lesions  the  leucocytes  are  collected 
about  large  mitotic  endothelial  cells  still  attached  to  the  capillary  wall. 

In  the  sections  of  liver  tissue  the  bacilli  occur  in  association  with  the  lesion. 
In  the  intravenous  series  of  animals  killed  forty-eight  hours  or  more  after 
inoculation  there  is  a  tendency  for  the  bacilli  to  lodge  along  the  vessel  wall. 
From  a  careful  study  of  the  early  acute  lesions  it  is  obvious  that  the  bacilli 
lodging  along  the  route  of  the  portal  circulation  either  by  direct  action  or  the 
action  of  their  toxin  injure  or  destroy  (depending  on  the  virulence)  the  lining 
endothelial  cells  and  cause  on  the  one  hand  a  focal  leucocytic  collection,  or  on 
the  other  a  proliferation  of  the  endothelium.  This  proliferation  of  the  endothelial 
cells  of  the  capillaries  plays  an  important  role  in  the  formation  of  the  glanders 
tubercle,  especially  in  connection  with  the  origin  of  the  giant  cell. 

The  degenerative  lesions  of  the  liver  will  be  considered  under  two  headings: 
(i)  focal  necrosis,  and  (2)  vascular  changes. 

Focal  necrosis  of  the  liver  occurs  regularly  in  the  rabbit  and  guinea-pig 
which  have  been  inoculated  with  the  moderately  virulent  bacilli.  The  central 
and  zonal  types  of  necrosis  rarely  occur.  The  most  extensive  lesion  develops 
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in  the  animals  which  have  been  partially  immunized  by  repeated  intravenous 
injections.  As  a  rule  the  liver  necrosis  does  not  develop  earlier  than  seven  to 
ten  days  after  the  first  inoculation. 

In  a  rabbit  that  died  of  glanders  infection  fourteen  days  after  the  first  inocu¬ 
lation  all  the  lobules  are  affected,  and  in  many  the  necrosis  comprises  more  than 
half  the  lobule.  (See  Plate  XVI,  Fig.  15.)  The  occurrence  of  focal  necrosis  appar¬ 
ently  depends  upon  the  degree  of  virulence  of  the  culture.  The  lesion  never 
occurs  in  animals  infected  with  the  highly  virulent  culture  except  in  those  par¬ 
tially  immunized  and  subsequently  receiving  a  fatal  dose.  In  guinea-pigs  the 
lesion  is  less  common  than  in  rabbits  and  usually  occurs  after  the  repeated  injec¬ 
tion  of  the  attenuated  culture  over  a  period  of  weeks. 

The  areas  of  necrosis  vary  from  a  single  cell  to  areas  composed  of  many  cells. 
There  is  apparently  no  selection  of  special  parts  of  the  lobule.  The  same  section 
may  show  focal  areas  of  necrosis  in  the  central,  mid-zonal  and  peripheral  parts 
of  the  same  lobule.  Not  infrequently  a  single  necrotic  cell  occurs  between  normal 
liver  cells  with  which  it  is  sharply  contrasted  as  it  stains  more  intensely  with 
eosin.  In  some  areas  of  necrosis  the  liver  cells  contain  large  and  small  vacuoles ; 
and  the  failure  of  these  to  stain  with  Sharlach  R,  would  indicate  “  vacuolar  ” 
and  not  fatty  degeneration.  Some  of  the  vacuoles  contain  fibrin  threads  either 
single  or  arranged  in  crossed  bundles.  Occasionally  the  vacuoles  contain  an 
eosinophile  cell  or  a  polymorphonuclear  leucocyte.  The  absence  of  an  inflam¬ 
matory  reaction  in  connection  with  the  focal  areas  of  necrosis  is  remarkable; 
even  in  the  older  lesions  where  the  liver  cells  have  lost  their  nuclei  and  appear 
as  deeply  stained  eosin  masses  which  are  only  distinguished  as  liver  cells  by  the 
shape  and  size,  there  is  rarely  any  polynuclear  invasion. 

In  addition  to  this  form  of  focal  necrosis,  the  result  of  the  action  of  the 
strong  toxin,  there  is  another  form  of  necrosis  which  undoubtedly  results  from 
an  inflammatory  exudate  collecting  about  an  area  of  liver  cells.  In  a  guinea-pig 
which  received  intraperitoneally  a  highly  virulent  culture  and  succumbed  to  the 
infection  on  the  fourth  day,  the  liver  presented  focal  areas  of  necrotic  cells  sur¬ 
rounded  by  well  defined  zones  of  polymorphonuclear  leucocytes.  These  areas 
contained  twelve  to  thirty  swollen,  deeply  stained  liver  cells,  many  of  which  were 
without  nuclei,  and  the  whole  mass  was  encircled  by  a  broad  zone  of  acute 
inflammatory  exudate.  The  central  mass  of  degenerated  liver  cells  remained 
remarkably  free  from  leucocytes. 

The  eosin-methylene-blue  stain  is  admirably  suited  for  the  demonstration  of 
the  focal  lesions  in  the  liver.  The  earliest  change  in  the  liver  is  indicated  by 
the  tendency  of  the  cells  to  stain  more  intensely  with  eosin.  At  first  the  nuclei 
stain  a  deep  purple  blue  in  contrast  to  the  light  blue  of  the  normal  nucleus ;  then 
they  stain  less  intensely  until  finally  the  nucleus  is  lost.  Many  of  the  liver  cells 
though  completely  degenerated  preserve  their  shape  and  size  long  after  all  trace 
of  the  nucleus  has  disappeared. 

The  protoplasm  of  the  liver  cells,  the  seat  of  necrosis,  is  often  converted  into 
curious  products  of  degeneration.  These  products  occur  in  three  distinct  varia¬ 
tions.  In  one  form  the  protoplasm  of  the  liver  cells  undergoes  a  curious  trans¬ 
formation  into  numbers  of  well  defined  and  separated  “  chromatoid  bodies  ” 
resembling  in  their  structure  the  nucleus  of  a  lymphoid  cell;  they  differ,  how¬ 
ever,  in  that  they  are  smaller  and  stain  intensely  with  eosin.  There  is  also  a 
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resemblance  to  blood  platelets  though  the  latter  are  more  angular  in  outline, 
whereas  these  protoplasmic  bodies  are  spherical.  These  curious  structures  may 
number  twenty  or  more  in  a  cell,  and  are  often  arranged  to  form  perfect 
geometrical  figures.  They  occur  only  in  the  liver  cells  with  the  more  advanced 
stage  of  necrosis. 

The  second  group  of  protoplasmic  bodies  in  necrotic  liver  cells  appear  as 
small  and  large  globules  (the  smaller  undoubtedly  coalesce  to  form  the  larger). 
These  globules  stain  intensely  with  eosin  and  are  homogeneous  throughout. 
This  form  of  cell  degeneration  is  more  frequently  met  with  than  the  form  above 
described. 

The  third  variety  of  degeneration  product  appear  as  finely  granular  masses 
filling  the  necrotic  liver  cell.  This  granular  conversion  of  the  protoplasm  begins 
soon  after  the  cell  loses  its  nucleus  and  presents  the  earliest  change  in  the  cell 
protoplasm. 

It  would  seem  that  focal  necrosis  of  the  liver  in  experimental 
glanders  results  chiefly  from  a  plugging  of  the  interlobular  capil¬ 
laries  with  fibrinous  thrombi.  In  the  vessels  adjoining  the  necrotic 
areas  of  liver  cells  masses  of  fibrin  either  partially  or  completely 
occluding  the  lumen  can  be  demonstrated. 

Occasionally  large  phagocytic  cells  and  giant  cells  are  found 
in  the  capillaries  connected  with  the  focal  areas  of  liver  necrosis. 
Here  the  sinusoids  are  narrowed  owing  to  the  swelling  of  the 
parenchymal  cells  and  the  accumulation  of  serum  in  the  subsinu- 
soidal  spaces. 

Masses  of  fibrin  also  occur  in  the  capillaries  of  these  necrotic 
areas.  Fiequently  the  lining  endothelial  cells  contain  mytotic 
figures  which  would  indicate  some  special  action  of  the  toxin  on 
the  vessel  wall.  The  dividing  cells  later  become  detached  and  es¬ 
cape  into  the  lumen  where  they  assume  a  phagocytic  role.  It  is 
reasonable  to  suppose  that  the  greater  number  of  phagocytic  cells 
found  free  in  the  blood  channels  of  the  liver  originate  in  the  endo¬ 
thelium  of  the  liver. 

The  bile  radicles  in  the  areas  of  necrosis  are  often  dilated  and 
show  aneurysmal  bulgings. 

Vascular  changes  occur  in  the  perivascular  vessels  and  in  the 
central  veins  of  the  lobules.  Here  the  muscle  fibres  are  often  in 
an  advanced  stage  of  degeneration.  However  in  some  vessels  only 
small  groups  of  muscle  fibres  or  single  isolated  fibres  show  altera¬ 
tion.  The  fibres  in  the  earlier  stages  of  degeneration  are  filled 
with  fine  particles  which  take  the  Sharlach  R.  stain  for  fat.  The 
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vascular  lesions  are  well  marked  in  the  lobules  where  the  paren¬ 
chymal  cells  are  apparently  normal. 

The  proliferative  changes  in  the  liver  occur  in  animals  inoculated 
with  the  attenuated  culture  and  in  animals  receiving  repeated  inocu¬ 
lations.  The  transition  from  the  acute  inflammatory  type  of 
lesion  to  the  chronic  proliferative  lesion  is  striking,  and  is  the  re¬ 
sult  of  alteration  in  virulence  of  the  culture.  The  liver  offers  an 
excellent  opportunity  to  follow  the  various  changes  in  the  character 
of  the  lesion  from  the  acute  focal  destructive  type  to  the  chronic 
focal  proliferative  type.  Though  lesions  of  these  two  types  differ 
essentially  in  their  cells  they  are  alike  in  that  they  are  both  focal 
in  character.  The  lesion  produced  with  the  highly  virulent  cul¬ 
ture  simulates  an  acute  miliary  abscess,  while  the  lesion  produced 
by  the  attenuated  culture  resembles  the  miliary  tubercle. 

The  glanders  tubercles  in  the  liver  occur  as  discrete  miliary  foci 
composed  of  epithelioid  and  lymphoid  cells  associated  with  giant 
cells.  Just  as  the  lesions  of  acute  miliary  tuberculosis  vary  in 
character  for  the  same  case,  so  also  varies  the  glanders  tubercle. 
Out  of  a  series  of  twenty- four  rabbits  eighteen  showed  proliferative 
lesions  of  the  miliary  tubercle  type.  The  animals  were  inoculated 
intravenously  or  intraperitoneally  and  killed  twelve  to  twenty-four 
days  after  the  first  inoculation.  In  fourteen  cases  the  lesions  of 
the  liver  were  visible  to  the  naked  eye  as  discrete  grayish-white 
tubercles  studded  throughout  the  organ,  but  most  marked  just 
beneath  the  capsule.  On  section  they  were  translucent  and  of 
firm  consistence.  Microscopically  they  are  focal  areas  composed 
chiefly  of  epithelioid  cells  arranged  more  or  less  concentrically. 
Giant  cells  occur  in  the  lesions  as  a  rule,  about  the  periphery  of 
the  tubercle.  In  some  areas  three  or  more  of  these  multinucleated 
cells  were  present,  and  in  one  tubercle  there  were  eight.  These 
giant  cells  often  contain  twenty  or  more  nuclei  which  usually  occur 
in  the  center  of  the  cell.  The  same  section  not  infrequently  would 
contain  lesions  of  different  ages,  the  older  foci  showing  necrosis. 
This  necrosis  of  the  glanders  focus  in  no  way  resembles  the  necrosis 
of  the  acute  inflammatory  lesion  in  which  fragmentation  of  nuclei 
and  chromatin  globules  are  so  characteristic,  but  resembles  the 
necrosis  of  the  tuberculous  lesions. 
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Lungs. — The  lungs  are  not  as  frequently  a  site  of  pathological 
change  as  the  other  organs  of  the  rabbit  and  guinea-pig.  However 
when  lesions  occur  they  are  significant,  especially  the  proliferative 
type,  owing  to  analogy  with  the  lesion  of  tuberculosis.  Pulmonary 
lesions  occur  in  the  guinea-pig  more  frequently  than  in  the  rabbit. 
Here  as  in  other  organs  the  type  of  lesions  depends  upon  the 
virulence  of  the  culture  and  the  susceptibility  of  the  animal,  though 
the  former  is  by  far  the  more  important  determinating  factor.  The 
manner  of  inoculation  does  not  materially  influence  the  character 
or  frequency  of  occurrence  of  the  pulmonary  lesion. 

The  lesions  arising  in  the  lungs  are  exudative  and  proliferative. 
The  proliferative  lesions  are  in  the  form  of  miliary  tubercles  and 
are  best  developed  in  guinea-pigs  killed  two  to  three  weeks  after 
the  first  inoculation.  In  three  cases  the  pigs  had .  received  more 
than  two  inoculations.  The  animals  were  partially  immunized  by 
injecting  small  doses  of  the  attenuated  bacilli  and  then  given  the 
fatal  dose  of  a  virulent  culture. 

The  lesions  of  an  exudative  nature  occur  in  the  form  of  miliary 
abscesses  scattered  throughout  the  parenchyma  and  result  from 
the  injection  of  the  highly  virulent  bacilli.  The  extent  of  destruc¬ 
tion  in  the  pulmonary  tissues,  as  in  other  organs,  depends  upon 
the  virulence  of  the  bacilli.  In  general,  bacilli  of  a  low  grade  of 
virulence  give  rise  to  focal  proliferation;  bacilli  of  a  moderate  de¬ 
gree  of  virulence  produce  focal  lesions  of  an  acute  exudative 
character  in  which  the  cells  are  well  preserved ;  the  bacilli  of  exalted 
virulence  cause  disintegration  of  the  tissues,  which  occurs  as  areas 
filled  with  fragmented  nuclei  and  degenerated  protoplasm. 

Often  there  is  no  appreciable  change  in  the  gross  appearance  of 
the  lungs  which  on  microscopic  examination  contain  definite  focal 
lesions. 

The  protocols  are  here  given  of  animals  which  well  represent 
the  two  types  of  lesions. 

Guinea-pig  VII. — Female,  weight  550  grams,  was  inoculated  intraperitoneally 
on  October  18  with  0.5  c.c.  of  a  twenty-four  hour  culture  of  attenuated  virulence 
suspended  in  2  c.c.  of  bouillon.  Slight  area  of  induration  appeared  about  the 
site  of  inoculation  at  the  end  of  the  second  week;  animal  was  in  good  health. 
Second  inoculation  was  given  into  the  peritoneum  October  30;  the  animal  was 
killed  November  2;  the  weight  being  440  grams.  Autopsy  shows  an  area  of 


364 


Lesions  of  Experimental  Glanders. 


induration  of  the  skin  and  subcutaneous  tissues  about  the  site  of  inoculation.  A 
few  Gram  negative  bacilli  are  found  in  the  smears.  The  tunica  vaginalis  is 
swollen  and  oedematous  and  on  section  thickened  and  studded  with  discrete  and 
conglomerate  pin-head  and  smaller  nodules.  The  omentum  is  curled  upon  itself, 
and  on  separating  the  folds  the  serous  surface  contains  innumerable  discrete, 
glistening  grayish-white  tubercles  i  mm.  to  2  mm.  in  diameter.  Beneath  the 
capsule  of  the  liver  and  spleen  are  similar  grayish-white  nodules;  many  of  these 
areas  are  too  small  to  be  detected  in  the  deeper  parts  of  the  organs.  The  peri¬ 
toneum  is  studded  with  tubercles,  though  they  are  relatively  few  in  number  as 
compared  with  those  in  the  omentum.  The  inguinal  and  mesenteric  glands  are 
enlarged.  The  heart,  kidney  and  adrenals  show  no  visible  change.  The  lungs 
are  voluminous  and  crepitant  throughout,  though  the  whole  subpleural  surface 
presents  scattered,  glistening  grayish-white  tubercles  i  mm.  in  diameter.  These 
tubercles,  though  present  in  the  deeper  parts  of  the  lungs,  are  not  as  readily 
distinguished  as  those  under  the  pleura.  The  mediastinal  nodes  are  enlarged  and 
on  section  exhibit  areas  of  necrosis.  A  pure  culture  of  B.  mallei  was  recovered 
from  the  heart’s  blood. 

Guinea-pig  XI. — Weight,  555  grams.  Inoculated  subcutaneously  October  30 
with  0.5  C.C.  of  a  I  c.c.  bouillon  suspension  to  which  one  loop  of  a  twenty-four 
hour  culture  of  moderate  virulence  had  been  added.  The  animal  died  November 
9  of  general  septicaemia.  The  autopsy  showed  a  large  caseating  area  at  the  site 
of  inoculation.  The  glands  were  not  enlarged.  The  peritoneal  cavity  presented 
diffuse  fibrinous  peritonitis.  The  liver  contained  three  small  pin-head  sized 
nodules.  The  spleen  was  somewhat  enlarged  and  congested.  The  heart  and 
kidneys  were  normal  in  appearance.  The  testes  and  tunic  were  studded  with 
glanders  nodules.  Both  lungs,  though  voluminous,  dry  and  crepitant  throughout, 
were  thickly  seeded  with  innumerable  discrete  grayish-white  translucent  tubercles 
I  mm.  in  diameter.  These  areas  were  apparently  more  numerous  just  beneath 
the  pleura,  and  gave  to  the  surface  a  rough  finely  granular  appearance.  The 
adrenals  showed  similar  lesions  beneath  the  capsule  and  in  the  substance  of 
the  glands. 

Guinea-pig  VI. — Weight  555  grams.  Inoculated  subcutaneously  on  October  3 
with  0.5  C.C.  of  a  twenty-four  hour  culture  of  low  degree  of  virulence.  Two 
weeks  after  the  first  inoculation  the  animal  was  in  good  health.  The  second 
inoculation  was  given  subcutaneously  October  18  with  double  the  amount  of  the 
first  dose.  The  animal  weighed  585  grams  and  was  in  good  health  one  week 
after  the  second  inoculation.  A  third  dose  was  given  intraperitoneally  on 
October  25.  The  amount  of  the  dose  was  i  c.c.  of  a  moderately  virulent  culture 
suspended  in  5  c.c.  of  bouillon.  Five  days  after  the  inoculation  the  animal  devel¬ 
oped  the  testicular  lesion,  and  was  killed  seven  days  after  its  appearance. 

The  autopsy  revealed  a  small  area  of  induration  at  the  recent  site  of  inocula¬ 
tion.  The  inguinal  and  axillary  glands  were  enlarged.  The  omentum  contained 
a  few  discrete  grayish-white  tubercles;  otherwise  the  peritoneal  cavity  showed 
nothing  remarkable.  The  mesenteric  and  bronchial  lymph  nodes  were  slightly 
enlarged.  Beneath  the  capsule  of  the  spleen  and  liver  there  were  numbers  of 
discrete  grayish-white  tubercles  i  mm.  in  diameter.  The  adrenals  and  kidneys 
were  negative.  The  testes  and  tunica  vaginalis  presented  extensive  induration 
and  caseation.  The  lungs  were  volurninous  and  crepitant  except  for  a  slight 
amount  of  cedema  in  the  dependent  portions. 
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The  focal  distribution  of  the  lung  lesions  is  especially  characteristic.  It  will 
be  noted  that  they  are  focal  in  each  animal  and  occur  in  the  form  of  discrete 
tubercles.  In  general  the  gross  appearance  of  the  lungs  in  which  the  lesions 
result  from  the  repeated  dosage  with  bacilli  of  a  low  degree  of  virulence  is 
identical  with  the  lesion  of  acute  miliary  tuberculosis. 

In  Guinea-pigs  VII  and  XI  the  lung  tubercles  on  microscopic  examina¬ 
tion  are  composed  of  cells  representing  two  distinct  types  of  lesions.  In  one  the 
tubercles  are  made  up  of  polymorphonuclear  leucocytes;  in  the  other  they  are 
composed  chiefly  of  epithelioid  cells.  In  Guinea-pig  XI  the  remarkable  feature 
of  the  lesion  is  that  there  is  not  the  slightest  inflammatory  reaction  about  the 
tubercles  or  elsewhere  in  the  lung  tissues. 

Guinea-pig  VI  represents  the  exudative  type  of  lesion.  Here  the  lungs  contain 
areas  composed  of  polymorphonuclear  leucocytes,  fibrin  and  desquamated  cells. 
These  acute  foci  are  often  composed  of  broken  and  fragmented  cells.  The  acute 
lesion  of  a  less  severe  type  presents  the  same  focal  character  but  differs  in  that 
the  individual  cells  are  well  preserved.  Thus  miliary  abscesses  occur  more  com¬ 
monly  in  the  peribronchial  tissues  usually  about  a  blood  vessel.  Others  are 
found  near  the  periphery  of  a  lobe,  involving  there  a  limited  number  of  the 
alveoli.  The  older  foci  occasionally  show  invasion  with  eosinophiles  and  lym¬ 
phoid  cells.  There  is  little  or  no  tendency  for  the  surrounding  tissue  to  pro¬ 
liferate  even  in  the  more  advanced  lesions.  The  tendency  is  to  enlarge  by  con¬ 
stant  accumulation  of  polymorphonuclear  leucocytes  and  by  means  of  fusion  with 
neighboring  foci. 

These  tubercles  are  scattered  throughout  the  lung  parenchyma.  Some  of  them 
are  just  beneath  the  pleura  while  others  are  in  the  peribronchial  tissue.  They 
vary  in  size  from  a  focus  which  involves  less  than  half  a  dozen  alveoli  to  those 
including  many  air  sacs.  (See  Plate  XVI,  Fig.  13.)  In  no  case  was  there 
detected  a  zone  of  inflammatory  reaction.  The  tubercles,  whether  early  or 
advanced,  are  composed  of  closely  packed  epithelioid  cells  filling  and  entirely 
obliterating  the  alveolar  meshwork  of  a  given  area.  In  Guinea-pig  VII  the 
absence  of  necrosis  associated  with  the  lesions  was  remarkable,  and  was  prob¬ 
ably  referable  to  the  early  stage  of  the  process  and  partly  to  the  low  grade  of 
virulence  of  the  culture. 

This  picture  of  discrete  tubercles  without  necrosis  is  not  uncom¬ 
mon  in  guinea-pigs  infested  with  tubercle  bacilli  of  low  virulence. 
The  necrosis  in  tuberculosis  seems  to  occur  earlier  with  the  more 
virulent  culture.  The  picture  presented  in  Guinea-pig  VII  was 
analogous  to  that  obtained  in  tuberculosis  with  bacilli  of  moderate 
virulence.  On  the  other  hand  highly  virulent  tubercle  bacilli  pro¬ 
duce  pulmonary  lesions  analogous  to  those  produced  by  the  glan¬ 
ders  bacilli  of  moderate  virulence.  In  both,  the  lesions  contain 
necrosis  without  the  characteristic  fragmentation  of  cell  nuclei  and 
formation  of  chromatin  masses. 

Giant  cells  are  frequently  a  part  of  the  lung  tubercles.  The 
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lesions  in  the  lungs  of  Guinea-pig  XI  did  not  contain  giant  cells, 
while  in  Guinea-pig  VII  giant  cells  were  numerous. 

The  tubercles  in  Guinea-pig  XI,  though  distinctly  proliferative, 
are  more  acute  than  the  lesions  found  in  the  lungs  in  Guinea-pig 
VII  where  giant  cells  are  numerous.  It  would  seem  that  the  pro¬ 
duction  of  giant  cells  occurs  only  under  certain  conditions  of  spe¬ 
cific  stimulation.  This  occurrence  of  the  giant  cell  after  a  certain 
attenuation  of  the  bacilli  was  noted  throughout  the  work.  The 
culture  for  the  first  year  after  isolation  failed  to  produce  prolifera¬ 
tion  of  the  invaded  tissues ;  the  lesion  was  invariably  inflammatory. 
However,  as  the  culture  generally  lost  in  virulence  the  inflamma¬ 
tory  type  of  lesion  lessened  in  severity  until  finally  the  culture  pro¬ 
duced  only  the  proliferative  lesion.  This  gradual  fall  of  virulence 
with  a  corresponding  change  in  the  character  and  nature  of  the 
lesion  is  of  significance. 

Testicles. — Here  as  in  other  organs  the  lesions  are  the  acute  ex¬ 
udative  and  the  chronic  proliferative.  In  either  case  the  process 
begins  in  the  tunica  vaginalis  as  discrete  foci  and  spreads  towards 
the  skin  and  the  testicle. 

The  acute  focus  begins  as  a  collection  of  polymorphonuclear  cells  which 
either  undergo  rapid  disintegration  or  remain  intact,  depending  upon  the  viru¬ 
lence  of  the  culture. 

The  proliferative  lesion  following  the  injection  of  bacilli  of  low  virulence  is 
striking.  The  tunica  propria  is  studded  with  discrete  and  conglomerate  tubercles 
composed  of  closely  packed  epithelioid  cells  and  two  or  more  giant  cells  (Plate 
XVI,  Fig.  i6).  In  the  tunic  the  tubercles  are  more  numerous  than  in  any  other 
organ  and  tend  to  coalesce  and  form  large  irregular  areas  which  later  undergo 
necrosis.  The  young  tubercles,  however,  show  no  evidence  of  necrosis  (see 
Plate  XVI,  Fig.  17). 

The  periphery  of  the  tubercle  often  shows  numerous  lymphoid  cells.  As  a 
rule  multinuclear  cells  occur  in  the  outer  zone  though  often  they  are  situated  at 
the  center  around  which  are  grouped  the  epithelioid  cells.  Some  of  the  giant 
cells  contain  thirty  or  more  nuclei,  arranged  either  about  the  periphery  or  heaped 
up  in  the  center  of  the  cell.  The  nuclei  are  ovoid  and  vesicular  and  stain  light 
blue.  In  some  sections  as  many  as  six  giant  cells  can  be  distinguished  lying 
together  in  close  proximity  to  one  another;  often  they  are  adjacent  to  a  tubercle. 
In  sections  of  the  tunica  vaginalis  in  Guinea-pig  VII  there  are  as  many  as  nine 
separate  tubercles  in  a  single  field  under  the  low  power  of  the  microscope.  It 
is  not  uncommon  to  find  associated  with  one  tubercle  six  or  more  giant  cells 
(see  Plate  XVI,  Fig.  17). 

The  giant  cells  in  relation  to  the  situation  of  the  nuclei  may  be  described  in 
three  groups:  first,  the  cell  with  nuclei  arranged  centrally;  second,  the  cell  with 
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nuclei  situated  around  the  periphery,  and  third,  the  cell  with  nuclei  at  one  or 
both  poles.  The  giant  cell  of  the  glanders  tubercle  often  contains  bacilli. 

It  may  be  here  stated  that  the  glanders  bacilli  in  the  tissues  differ  somewhat 
in  morphology  from  those  of  artificial  growth.  In  stained  sections  the  bacilli 
are  more  elongated  and  delicate  and  contain  clear  spaces  along  the  sides. 

The  focal  lesions  in  the  tunica  vaginalis  occur  usually  in  colonies,  whether 
acute  or  chronic.  Beyond  the  colony  of  tubercles  the  tissue  is  greatly  thickened 
by  a  fibrous  new  growth  rich  in  cells.  This  fibrous  cell  proliferation  often  forms 
a  dense  zone  about  the  tubercles.  In  places  the  connective  tissue  extends  in 
between  the  seminiferous  tubercles  and  contains  foci  of  lymphoid  and  plasma 
cells.  Again  the  connective  tissue  invades  the  muscle  fibers  which  in  turn  undergo 
degeneration.  Usually  there  is  an  active  proliferation  occurring  in  the  tissue  far 
removed  from  the  seat  of  the  acute  inflammation,  which  is  due  in  part  at  least 
to  the  diffused  glanders  toxin. 

Heart. — Lesions  in  the  heart  muscle  rarely  result  from  the 
glanders  infection.  In  two  animals  where  the  living  bacilli  were 
injected  important  myocardial  changes  occurred.  Both  cases  were 
those  of  guinea-pigs  which  had  received  repeated  doses  of  the 
attenuated  culture  over  a  period  of  three  weeks.  The  killed  bacilli 
injected  intravenously  in  small  and  repeated  doses  sometimes  give 
rise  to  a  marked  fatty  degeneration  of  the  myocardial  fibers  in 
the  rabbit. 

The  lesions  are  of  two  types:  (i)  a  fatty  change  in  the  muscle  fibers  which 
at  first  is  patchy  and  later  becomes  more  or  less  diffuse  in  distribution,  and  (2) 
collections  of  lymphoid  and  plasma  cells  which  later  lead  to  a  fibrous  tissue  new 
growth  and  give  rise  to  definite  areas  of  chronic  fibrous  myocarditis. 

Sections  of  heart  muscle  fixed  in  formalin  and  stained  for  fat  often  show  the 
muscle  fibers  filled  with  fat  in  the  form  of  small  globules  and  fine  particles.  In 
some  areas  the  fatty  change  is  diffuse,  in  others  it  is  slight,  while  in  certain 
fields  only  isolated  fibers  show  this  degeneration.  In  addition  to  the  early  de¬ 
generation  of  the  muscle  fibers  there  are  small  areas  in  which  the  muscle  fibers 
have  been  replaced  by  fibrous  tissue.  Some  of  these  areas  are  infiltrated  with 
lymphoid  and  plasma  cells,  while  other  areas  show  only  dense  fibrous  tissue. 

Vessels. — The  vascular  lesions  occurring  in  experimental  glanders 
have  been  described  in  detail  in  a  former  contribution  by  one  of 
us  (DuvaP).  Babes®  also  mentions  the  occurrence  of  vascular 
changes  in  glanders  in  horses. 

The  lesions  are  of  three  general  types,  (i)  the  exudative,  (2) 
the  proliferative  and  (3)  the  degenerative.  This  grouping  of  the 
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lesions  corresponds  closely  with  the  degree  of  virulence  of  the 
culture  employed.  In  general  it  can  be  stated  that  the  highly 
virulent  culture  produces  vascular  lesions  of  an  acute  inflammatory 
type,  the  culture  of  moderate  virulence  produces  the  proliferative 
changes,  while  the  degenerative  changes  result  from  either  the 
proliferative  or  exudative  lesion. 

The  vascular  changes  are  focal  in  distribution.  As  in  other 
organs  the  acute  lesion  is  an  aggregation  of  polynuclear  cells. 
They  occur  in  the  subendothelial  layer  of  the  intima  especially  in 
vessels  of  the  peripheral  system  (Plate  XV,  Fig.  12).  Thrombosis 
is  a  frequent  lesion  in  the  veins.  The  pericapillary  “  round  cell  ” 
infiltration  commonly  occurs  in  the  affected  areas.  Focal  collec¬ 
tions  of  eosinophiles  in  the  vessel  wall  are  occasionally  met  with. 

Lymph  Glands. — The  lymphatic  glands  in  the  animals  infected 
with  the  highly  virulent  culture  are  always  enlarged  and  sometimes 
contain  areas  of  suppuration,  especially  the  lymphatic  glands  of  the 
inguinal  and  axillary  regions  after  subcutaneous  inoculation,  and 
those  of  the  mesentery  and  the  mediastinum  after  intraperitoneal 
injections.  In  the  chronic  cases  the  glands  are  enlarged  and  firm, 
and  often  contain  well-defined  areas  of  caseation. 

The  acute  lesion  consists  essentially  of  collections  of  polynuclear  leucocytes, 
masses  of  fibrin  and  disintegrated  cells.  Here,  as  in  other  organs,  the  more 
severe  of  the  acute  lesions  consist  of  a  focus  of  large  and  small  globular  masses 
of  fragmented  cells  mingled  with  much  indistinguishable  material  and  a  few 
well  preserved  polynuclear  cells.  The  less  acute  lesion  shows  no  disintegration 
of  the  cells  but  focal  areas  composed  chieflv  of  polynuclear  cells  and  fibrin. 
These  acute  areas  occur  in  no  especial  situation.  Sometimes  they  are  within  or 
bordering  upon  the  follicles ;  at  other  times  they  occur  in  the  large  sinuses,  espe¬ 
cially  in  the  efferent  blood  spaces. 

The  proliferative  lesion  does  not  differ  in  any  essential  feature  from  the 
chronic  lesion  described  for  other  organs.  It  is  largely  composed  of  the  so-called 
epithelioid  cells  which  form  well  defined  tubercles.  Giant  cells  are  found  fre¬ 
quently  in  the  proliferative  areas  of  the  lymph  nodes  and  often  contain  the 
glanders  bacilli. 

In  addition  to  the  proliferative  lesions  the  centers  of  the  follicles  contain 
areas  of  swollen  and  degenerated  phagocytic  cells.  These  cells  often  contain 
fat  globules,  red  blood  cells,  blood  pigment  and  cell  nuclei.  The  areas  of  phago¬ 
cytic  cells  stain  intensely  with  Scharlach  R.  and  appear  in  marked  contrast  to 
the  surrounding  deep  blue  stained  cells  of  the  follicle. 

Though  normally  there  are  numbers  of  phagocytic  cells  scattered  throughout 
the  lymph  nodes  of  the  guinea-pig,  in  chronic  glanders  infection  they  are  mark¬ 
edly  increased  and  are  especially  numerous  in  the  efferent  blood  sinuses. 
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Adrenals. — The  adrenals  are  less  often  the  seat  of  lesion  than  any 
other  organ,  even  in  animals  dying  of  an  acute  infection.  Only 
in  seven  out  of  forty  cases  infected  with  the  highly  virulent  cul¬ 
ture  were  there  lesions  in  the  adrenals. 

The  acute  lesions  occur  both  in  the  cortex  and  in  the  medulla  and  consist 
essentially  of  polynuclear  collections  in  which  the  cells  are  either  fragmented 
or  well  preserved.  The  parenchymal  cells  about  the  acute  foci  are  swollen, 
vacuolated  and  granular.  In  some  cells  there  can  be  demonstrated  an  occa¬ 
sional  polynuclear  cell  and  fibrin  threads.  The  adrenal  cells  could  not  be  dis¬ 
tinguished  in  the  more  acute  lesions  as  the  degenerative  products  in  the  form  of 
large  irregular  shaped  chromatin  masses  were  too  abundant.  However,  in  the 
less  severe  lesions  with  perfectly  preserved  polynuclear  cells  the  necrotic  adrenal 
cells  were  easily  recognized.  The  adrenal  cells  within  the  lesion  and  those  imme¬ 
diately  bordering  upon  the  lesion  show  extremely  interesting  changes.  Many  of 
the  adrenal  cells  for  a  considerable  distance  away  from  the  lesion  contain 
mitotic  figures.  The  attempt  at  division  on  the  part  of  the  parenchymal  cells 
is  more  manifest  and  the  dividing  cells  more  numerous  as  the  lesion  becomes 
proliferative.  Adrenal  cells  in  mitosis  are  not  observed  in  association  with  the 
acute  inflammatory  type  of  lesion. 

It  is  interesting  to  note  that  there  often  occurs  in  the  proliferative  lesion  a 
central  island  of  adrenal  cells  enclosed  by  a  well  defined  broad  band  of  epithe¬ 
lioid  cells  (see  Plate  XV,  Fig.  lo).  These  “locked  off”  adrenal  cells  within  the 
lesion  stain  intensely  with  eosin  and  are  often  without  nuclei,  though  the  general 
shape  of  the  cell  is  well  preserved.  The  cell  is  swollen  and  the  protoplasm 
contains  an  excess  of  fat  as  demonstrated  with  the  Sharlach  R.  stain.  These 
areas  of  necrotic  adrenal  cells  when  stained  with  eosin-methylene-blue  present 
the  same  general  picture  as  the  focal  necrosis  of  the  liver  parenchyma.  Mitotic 
figures  do  not  appear  in  the  adrenal  cells  of  these  areas.  The  cells  immediately 
surrounding  the  lesion  are  also  swollen  and  stained  deeply  with  eosin  but  to  a 
less  degree  than  the  central  mass  of  cells  within  the  lesion.  Karyokinetic  figures 
occur  only  in  the  adrenal  cells  neighboring  upon  the  glanders  tubercles,  thus 
indicating  an  attempt  at  reproduction  due  to  the  action  of  the  glanders  toxia 

Omentum. — In  the  acute  infections,  the  omentum  is  shrivelled  up 
and  bathed  in  a  fibrino-purulent  exudate. 

Microscopically  the  acute  lesions  appear  rather  as  definite  foci  in  which  the 
cells  are  broken  and  fragmented,  or  as  closely  packed  collections  of  polynuclear 
cells  in  the  meshes  of  a  dense  fibrin  network. 

In  the  chronic  infections  the  omentum  is  curled,  greatly  thickened  and  con¬ 
tains  nodules,  many  of  which  are  caseous.  The  microscopic  sections  show  a 
dense  new  growth  of  connective  tissue  in  which  are  numerous  tubercles.  In 
places  the  fat  cells  have  been  entirely  replaced  by  fibrous  tissue.  There  are 
definite  foci  of  epithelioid  cells  and  areas  of  necrosis.  Giant  cells  are  numerous 
in  the  chronic  lesions.  In  this  type  of  lesion  many  of  the  vessels  are  obliterated 
by  old  and  recent  thrombi.  There  occur  definite  peri-vascular  collections  of 
lymphoid  and  plasma  cells  and  eosinophiles. 
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The  chronic  type  of  lesion  does  not  differ  in  any  particular  from  that  seen 
in  certain  forms  of  tuberculosis. 

Pancreas. — This  organ  is  very  seldom  the  seat  of  lesion  and  then 
only  by  direct  extension  of  the  lesion  from  the  mesentery  or  neigh¬ 
boring  tissues.  The  lesions  are  acute  and  chronic.  The  acute 
changes  occur  in  the  stroma,  only  rarely  involving  the  glandular 
tissue.  The  chronic  lesions  are  represented  by  an  increase  in  the 
connective  tissue  in  scattered  areas  about  the  periphery  of  the 
lobules  and  by  focal  areas  of  epithelioid  cells.  The  lesion  of 
glanders  here  differs  in  no  essential  from  that  in  other  organs. 

Intestines. — Lesions  of  the  intestine  occurred  in  only  two  animals 
of  the  whole  series.  In  one  the  foci  were  in  the  large  intestine  and 
involved  the  serous  and  muscular  coats.  The  lesion  consisted  of 
solitary  tubercles  of  the  proliferative  type  and  undoubtedly  ex¬ 
tended  directly  from  the  peritoneum.  In  the  other  case  the  lesions 
consisted  of  ulcers  with  undermined  edges.  Microscopically  these 
ulcerations  involved  the  mucosa  and  the  submucosa  and  contained 
necrotic  areas  about  which  were  numbers  of  large  phagocytic  cells, 
epithelioid  cells  and  polymorphonuclear  leucocytes. 

Spleen. — The  spleen  both  in  the  rabbit  and  the  guinea-pig  is  fre¬ 
quently  the  site  of  histological  change.  Discrete  grayish-white 
areas  result  from  the  inoculation  of  the  virulent  culture.  In  this 
organ  as  in  the  others  there  are  two  distinct  kinds  of  lesions,  the 
acute  inflammatory,  resulting  from  the  virulent  culture  and  the 
chronic  proliferative  following  the  inoculation  with  a  culture  of 
low  virulence. 

The  acute  inflammatory  lesions  are  of  two  general  types.  The  first  consists 
chiefly  of  circumscribed  areas  of  fragmented  polymorphonuclear  cells  and  detritus 
characterized  by  masses  staining  dark  blue.  The  second  grade  of  lesion  consists 
chiefly  of  polymorphonuclear  leucocytes  that  show  no  tendency  to  break  up  and 
give  rise  to  the  characteristic  chromatin  masses  above  described.  These  lesions 
in  addition  contain  large  masses  of  fibrin  which  is  arranged  in  a  dense  meshwork 
through  the  lesion. 

The  spleen  sections  of  Guinea-pig  XV  of  the  intraorbital  series  of  inocula¬ 
tions  contain  irregular  masses  of  fibrin  in  the  form  of  thrombi  plugging  the 
capillaries  (see  Plate  XV,  Fig.  ii).  The  animal  had  recovered  from  the  acute 
infection.  The  eyeball  had  been  completely  destroyed  and  the  tissues  of  the 
orbit  were  greatly  thickened  presenting  a  large  sloughing  caseating  mass. 

The  proliferative  type  of  lesion  occurs  as  well  defined  tubercles  scattered 
throughout  the  section,  though  the  site  of  predilection  seems  to  be  in  connection 
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with  the  Malpighian  bodies.  Hence  the  lesion  apparently  begins  just  outside  the 
follicle,  gradually  increases  in  size  and  invades  by  extension.  These  lesions  are 
best  developed  in  animals  killed  two  or  three  weeks  after  inoculation  with  bacilli 
of  a  moderate  degree  of  virulence. 

Giant  cells  occur  frequently  and  are  either  associated  with  the  tubercles  or 
are  in  their  immediate  neighborhood  (see  Plate  XV,  Fig.  9).  Many  of  the  tuber¬ 
cles  are  formed  about  the  giant  cells.  These  multinucleated  elements  contain 
from  four  to  twenty  nuclei  arranged  either  centrally  or  peripherally  within  the 
cell  protoplasm  and  are  phagocytic  for  the  glanders  bacilli  (see  Plate  XIV, 
Fig.  6). 

The  tubercles  range  from  one  third  to  one  half  the  size  of  the  Malpighian 
body  and  are  composed  chiefly  of  large  cells  having  an  ovoid  lightly-stained 
vesicular  nucleus.  Lymphoid  and  plasma  cells  are  found  in  the  periphery  of  the 
tubercle.  The  contrast  between  the  foci  composed  of  these  large  proliferated 
cells  and  the  cells  of  the  Malpighian  body  with  the  eosin-methylene-blue  is  strik¬ 
ing.  The  dark  blue  nuclei  of  the  cells  constituting  the  Malpighian  body  are  in 
marked  contrast  to  the  light  blue  nuclei  of  the  epithelioid  cells,  the  nuclei  being 
embedded  in  a  protoplasmic  matrix  staining  pink.  These  areas  of  epithelioid  and 
giant  cells  are  histologically  similar  to  the  miliary  tubercle.  They  increase  in 
size  and  coalesce  with  neighboring  tubercles  to  form  large  conglomerate  areas, 
which  later  undergo  necrosis. 

In  addition  to  the  glanders  tubercle  the  blood  sinuses  contain  large  numbers 
of  phagocytic  cells  containing  pigment,  fragmented  nuclei  and  red  blood  cells. 
In  the  section  of  a  spleen  of  a  rabbit  with  subacute  focal  lesions  the  phagocytic 
cells  often  contain  from  three  to  six  ovoid  vesicular  nuclei.  Occasionally  a 
Malpighian  body  contains  multinucleated  phagocytes  undergoing  fatty  and  hya¬ 
line  change;  other  Malpighian  bodies  contain  in  well  defined  foci  phagocytes  in 
which  the  fat  is  admirably  demonstrated  with  the  Sharlach  R.  stain. 

Giant  cells  and  epithelioid  cells  are  more  numerous  in  the  spleen  of  animals 
killed  two  or  three  weeks  ofter  inoculation.  Here  they  occur  in  the  blood  chan¬ 
nels,  either  free  in  the  lumen  or  attached  to  the  endothelium.  The  attached 
cells  are  swollen  to  many  times  their  normal  size,  often  causing  partial  or  com¬ 
plete  occlusion  of  the  vessel  (see  Plate  XV,  Fig.  8).  Not  infrequently  these 
swollen  attached  cells  contain  in  addition  to  separate  nuclei,  well  defined  mitotic 
figures.  Animals  inoculated  with  bacilli  of  low  grade  of  virulence  afford  an 
excellent  opportunity  to  follow  the  development  and  function  of  these  multi- 
nucleated  elements. 

Kidney.~Th\s  organ  with  the  exception  of  the  pancreas  and 
adrenal  is  less  commonly  the  seat  of  lesion  than  any  other.  In 
the  cases  of  acute  infection  following  the  injection  of  highly 
virulent  bacilli,  albuminous  and  hyaline  degeneration  of  the  tubular 
epithelium  usually  occurs.  The  glanders  nodules,  so  common  in 
other  organs,  are  rarely  met  with  in  the  kidney.  Occasionally 
miliary  abscesses  are  encountered. 

Intravenous  injection  sometimes  gives  rise  to  a  peculiar  type  of 
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kidney  lesion  in  which  the  organ  presents  the  appearance  of  an 
acute  hsemorrhagic  nephritis.  The  following  autopsy  protocol  of 
Rabbit  XIX  well  illustrates  the  gross  appearance  of  this  type  of 
lesion. 

Rabbit  XIX. — A  full-grown  female  rabbit  was  inoculated  intravenously  with 
I  c.c.  of  a  twenty-four  hour  agar  slant  growth  suspended  in  6  c.c.  of  bouillon. 
The  animal  at  the  time  of  inoculation  was  nursing  her  young.  Three  other 
rabbits,  one  male,  one  pregnant,  and  one  non-pregnant  female,  were  inoculated 
at  the  same  time  with  equal  amounts  of  the  culture  under  identical  conditions. 
The  animal  with  young  developed  a  severe  grade  of  acute  glanders  and  was 
killed  three  days  following  the  inoculation.  The  animal  was  very  ill.  A  thick, 
purulent  discharge  ran  from  her  nose  and  conjunctive.  She  was  constantly 
wheezing  and  presented  the  typical  appearance  of  snuffles.  At  autopsy  the 
mucous  membrane  of  the  conjunctive  and  naso-pharynx  was  swollen,  deeply 
congested  and  bathed  in  a  sero-purulent  exudate,  which  on  examination  was 
found  to  contain  numerous  bacilli  of  the  morphologj'  of  B.  mallei.  A  pure  cul¬ 
ture  of  this  microorganism  was  recovered  by  plating  the  material  from  both  the 
nose  and  pharynx.  The  veins  of  the  ear  about  the  site  of  inoculation  are  hard 
and  in  places  nodular.  On  section  they  contain  organized  thrombi.  The  mam¬ 
mary  glands  are  swollen,  tense  and  on  section  markedly  hsemorrhagic.  The 
peritoneal  cavity  appears  normal.  The  kidneys  are  twice  their  normal  size 
and  presented  innumerable  discrete  pin-point  and  larger  petechial  hsemorrhages 
over  the  surface.  These  hsemorrhagic  areas  were  all  the  more  striking  owing 
to  the  pale  grayish-red  color  of  the  cortex.  On  stripping  away  the  capsule,  the 
cortical  hsemorrhages  remain  attached  to  the  cortex  and  project  above  the 
surface  as  firm  coagulse.  On  section  these  haemorrhagic  areas  extend  all  through 
the  organs,  parallel  to  the  surface  and  in  more  or  less  beaded  streaks  which 
apparently  correspond  to  the  general  direction  of  the  tubules. 

The  adrenals  are  swollen  and  deeply  congested.  The  liver  presents  grayish- 
white  irregular  areas  which  are  plainly  visible  beneath  the  capsule.  Micro¬ 
scopically  these  areas  are  those  of  focal  necrosis.  The  lymph  nodes  throughout 
the  body  are  enlarged.  The  other  organs  are  negative. 

Sections  of  the  kidney  fixed  in  Zenker’s  fluid  and  stained  with  eosin-methylene- 
blue  show  the  renal  tubules  filled  with  coagulated  blood  stained  serum.  The 
microscopic  examination  of  sections  under  the  low  power  show  the  tubules 
everywhere  greatly  dilated  and  the  lumen  filled  with  a  light  material  staining 
pale  pink  in  striking  contrast  to  the  deep  distinct  blue  color  of  the  tubular 
epithelium.  The  same  material  staining  pink  is  also  present  in  the  capillary 
spaces  of  the  glomeruli.  On  closer  study,  this  material  is  found  to  be  composed 
of  altered  blood  cells  and  serum  and  occurs  in  at  least  three  different  forms: 
(i)  finely  granular  reticulum,  (2)  homogeneous  pink  coagulum,  and  (3)  large 
and  small  spherical  globules.  In  the  glomerular  spaces  and  convoluted  tubules, 
this  material  occurs  as  a  structureless  homogeneous  mass ;  in  the  straight  tubules 
it  appears  granular  and  finally  as  spherical  globules. 

The  tubular  epithelium,  though  compressed,  is  for  the  most  part  well  stained 
and  everywhere  intact. 
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The  deep  red  haemorrhagic  points  projecting  above  the  surface  are  firm 
coagula.  In  addition  to  the  altered  blood  filling  the  tubules  there  is  still  another 
material,  epithelial  in  origin,  which  is  met  with  in  three  forms,  (i)  Complete 
separation  of  the  intact  lining  epithelial  cells  forms  casts  which  occupy  the 
central  parts  of  the  lumen.  These  cells,  from  the  absence  of  nuclei  and  their 
intense  eosin  staining,  are  unquestionably  necrotic  though  their  shape  is  well 
preserved  and  it  would  seem  as  though  they  were  destroyed  in  situ  and  later 
fell  away  in  columns  from  their  basal  attachment.  (2)  The  tubules  contain 
material  composed  of  granular  and  globular  degeneration  products  of  epithelial 
protoplasm.  (3)  Tubular  epithelium  free  in  the  lumen  shows  early  granular 
degeneration  with  the  nucleus  still  intact,  and  the  cells  are  also  seen  converted 
into  small  and  large  globular  masses  staining  a  deep  purple  red. 

In  the  collecting  tubules  the  epithelium  is  often  swollen  to  three  times  its 
normal  size.  Each  cell,  though  markedly  vacuolated,  preserves  its  shape.  Often 
the  free  edges  meet  and  completely  obliterate  the  lumen.  The  epithelium  of  the 
tubules  of  the  pyramids,  in  addition  to  this  swelling  and  vacuolation  of  the  pro¬ 
toplasm,  undergoes  proliferation  and  in  places  the  cells  are  heaped  up  six  or 
eight  deep  and  many  contain  mitotic  figures. 

The  glomeruli  are  enormously  swollen  and  filled  with  altered  blood  in  the 
form  of  material  staining  pale  pink.  Many  glomeruli  show  distinct  masses  of 
fibrin  occluding  the  capillary  space.  Occasionally  the  lining  cells  of  the  glom¬ 
erular  capillaries  are  swollen  and  contain  mitotic  figures.  In  a  few  glomeruli 
the  capillaries  are  filled  with  polynuclear  cells. 

The  connective  tissue  stroma  of  the  kidney,  even  in  the  acute  infections,  rarely 
shows  change  except  that  it  contains  occasionally  foci  of  lymphoid  cells  and  a 
few  scattered  eosinophiles. 

The  peculiar  material  described  by  Wright  as  filling  up  the  kid¬ 
ney  tubules  of  certain  animals  dying  of  acute  glanders  infection 
undoubtedly  had  its  analogy  in  Rabbit  XIX,  although  he  does  not 
describe  the  gross  appearance  of  the  kidneys.  From  the  above 
description  of  the  gross  and  microscopic  appearance  of  the  kidneys 
of  Rabbit  XIX  it  will  be  readily  seen  that  this  peculiar  material  is 
coagulated  blood  stained  serum. 

DISCUSSION. 

From  the  foregoing  description  of  the  histological  lesions  of 
experimental  glanders  it  will  be  seen  that  the  glanders  bacillus  and 
its  toxin  produce  three  distinct  types  of  change  in  the  tissues, 
exudative,  proliferative  and  degenerative,  the  determining  factor 
being  the  degree  of  virulence  of  the  culture.  Highly  virulent 
bacilli  produce  exudative  changes ;  bacilli  of  lowered  virulence 
produce  proliferative  changes.  The  exudative  type  includes  acute 
lesions;  the  proliferative  type  includes  chronic  lesions,  the  degree 
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of  chronicity  varying  directly  with  the  attenuation  of  the  culture. 
The  degenerative  type  is  always  secondary  either  to  the  exudative 
or  proliferative  lesion. 

The  exudative  lesions  fall  naturally  into  two  groups,  in  accord¬ 
ance  with  the  degree  of  virulence  of  the  culture  employed. 

In  the  first  group,  produced  by  the  most  virulent  cultures,  the 
tissue  cells  and  the  rapidly  invading  polymorphonuclear  leucocytes 
are  broken  up  by  the  virulent  toxin,  and  the  broken  down  nuclei 
of  these  cells  form  the  degenerative  “  chromatin  masses.”  These 
chromatin  masses  were  described  by  Wright  as  the  chief  character¬ 
istic  of  the  glanders  nodule.  Wright’s  observations  were  limited 
to  the  effects  of  cultures  of  high  virulence.  He  produced  experi¬ 
mentally  the  lesions  only  of  this  first  group,  i.  e.,  lesions  of  the 
exudative  type. 

In  the  second  group,  produced  by  a  less  virulent  culture,  the 
lesion  consists  of  closely  packed  collections  of  well  preserved  poly¬ 
nuclear  leucocytes  and  fibrin.  There  is  here  an  entire  absence  of 
the  destructive  action  of  the  more  virulent  bacilli,  which  alone  is 
evidence  that  the  lesion  varies  with  the  degree  of  virulence  of  the 
culture. 

The  degenerative  lesions  occur  for  the  most  part  in  the  liver, 
adrenals,  heart  and  arteries.  In  the  liver  the  degeneration  occurs 
as  a  focal  necrosis  involving  either  single  widely  separated  paren¬ 
chymal  cells,  small  groups  of  cells,  or  larger  groups  of  cells  com¬ 
prising  the  greater  part  of  a  lobule.  This  cell  necrosis  is  caused 
by  the  large  multinuclear  cells  and  by  thrombi  of  fibrin.  Mallory® 
states  that  thrombi  of  fibrin  form  in  the  capillaries  under  at  least 
two  conditions,  viz.,  adjoining  necrotic  liver  cells  and  around  endo¬ 
thelial  or  other  cells  which  have  undergone  necrosis  within  the 
capillaries. 

The  adrenal  degeneration  also  occurs  in  the  parenchyma  either 
in  single  cells  or  in  large  and  small  groups  of  cells  scattered 
throughout  the  cortex  and  medulla.  It  is  caused  partly  by  direct 
toxic  action  and  partly  by  interference  with  nutrition  resulting 
from  the  encircling  epithelioid  cells ;  the  latter  leads  to  the  isolation 
of  groups  of  adrenal  cells. 


*  Jour,  of  Exper.  Med.,  1895,  iii,  61 1;  Jour,  of  Med.  Research,  1901,  i,  264. 
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Degeneration  of  the  heart  muscle  undoubtedly  occurs  as  the 
result  of  repeated  doses  of  the  glanders  poison.  It  is  exhibited  by 
the  occurrence  of  fine  droplets  of  fat  within  the  muscle  fibers.  Some 
of  these  degenerated  fibers  are  later  replaced  by  newly  formed 
connective  tissue,  giving  rise  to  definite  areas  of  chronic  fibrous 
myocarditis. 

The  degenerative  vascular  lesions  have  been  described  by  one 
of  us  in  a  former  paper.  Briefly  there  is  a  fatty  change  in  the 
muscle  fibers  of  the  inner  zone  of  the  media  secondary  to  primary 
intimal  proliferation. 

The  main  object  of  this  series  of  experiments  was  to  determine 
whether  or  not  the  glanders  bacillus,  under  certain  conditions, 
produced  lesions  resembling  histologically  those  of  tuberculosis 
and  if  such  lesions  existed,  to  determine  the  analogy  between  the 
glanders  tubercle  and  the  miliary  tubercle,  especially  with  regard 
to  their  histogenesis.  The  inoculations  were  made  with  glanders 
cultures  of  three  degrees  of  virulence  with  the  hope  that  the  bacilli 
of  moderate  or  low  virulence  might  exert  an  irritative  rather  than 
the  destructive  action  so  characteristic  of  the  highly  virulent  bacilli, 
and  instead  of  causing  exudation  give  rise  to  proliferation. 

It  became  apparent  that  as  the  bacilli  became  less  virulent  the 
character  of  the  lesion  approached  more  closely  that  of  tuberculosis. 
A  gradation  in  severity  of  the  lesion  could  be  followed  from  the 
acute  to  the  chronic  changes,  i.  e.,  from  exudation  to  proliferation, 
until  finally  the  type  of  lesion  became  analogous  to  that  of  tuber¬ 
culosis. 

The  histogenesis  of  the  tubercle  of  glanders  is  primarily  a  pro¬ 
liferation  of  the  invaded  tissues  with  the  production  of  the  so-called 
epithelioid  cells, associated  with  giant  cells  (see  Plate  XIII,  Fig.  i). 

When  Baumgarten  stated  that  the  primary  effect  of  the  glanders 
bacillus  on  the  tissue  was  a  production  of  epithelioid  cells  and  that 
the  glanders  tubercle  was  essentially  the  same  as  the  miliary 
tubercle,  he  was  correct,  but  he  failed  to  recognize  the  special  con¬ 
ditions  under  which  Bacillus  mallei  gives  rise  to  the  proliferative 
type  of  lesion  and  he  did  not  observe  that  the  organism  produced 
more  commonly  the  acute  inflammatory  lesion. 

The  glanders  tubercle  is  best  studied  in  the  spleen,  lungs,  testes 
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and  lymph  nodes.  It  is  composed  almost  entirely  of  closely  packed 
epithelioid  cells;  its  outer  limits  often  show  numerous  invading 
lymphoid  cells,  and  a  few  polynuclear  leucocytes  penetrating  toward 
the  center.  The  giant  cells  are  usually  arranged  about  the  peri¬ 
phery,  although  not  infrequently  they  occur  in  the  central  part  of 
the  tubercle  (see  Plate  XV,  Fig.  9). 

The  histology  of  the  glanders  tubercle  is  essentially  that  of  the 
miliary  tubercle  and  varies  with  the  virulence  of  the  infection; 
but  the  variation  is  the  reverse  of  that  which  occurs  with  the  lesion 
of  tuberculosis.  In  the  early  tubercles  of  acute  miliary  tuberculosis 
produced  by  highly  virulent  tubercle  bacilli  there  is  an  absence 
of  giant  cells  and  necrosis.  In  the  early  tubercles  produced  by  the 
attenuated  bacillus  of  glanders  the  giant  cell  is  absent  and  there  is 
only  rarely  necrosis.  The  lesion  of  the  highly  virulent  tubercle 
bacillus  corresponds  with  the  lesion  of  the  attenuated  glanders 
bacillus. 

The  epithelioid  cell  marks  the  transition  from  the  acute  exudative 
to  the  chronic  proliferative  lesion  in  which  it  is  the  essential  ele¬ 
ment.  Even  in  the  subacute  lesion  it  occurs  frequently  in  the 
inflammatory  zone.  It  constitutes  the  entire  formation  of  the 
early  tubercle.  In  the  lungs  frequently  occur  discrete  tubercles 
composed  entirely  of  epithelioid  aggregations  without  evidence  of 
surounding  inflammatory  reaction.  The  origin  of  the  epithelioid 
cell  is  still  doubtful.  It  would  seem  to  originate  from  the  con¬ 
nective  tissue  cell.  The  fact,  however,  that  it  never  becomes 
phagocytic  either  for  bacteria  or  for  cell  products  in  the  glanders 
tubercle  is  rather  against  its  endothelial  origin  because  the  endo¬ 
thelial  cell  is  phagocytic  under  the  most  varied  conditions. 

In  general  the  epithelioid  cells  are  large  with  pale  staining  ovoid 
vesicular  nuclei.  In  morphology  and  staining  reaction,  and  also  in 
their  focal  arrangement  they  are  identical  with  the  epithelioid  cells 
of  the  tuberculous  lesion ;  indeed,  under  the  microscope  the  glanders 
tubercle  is  indistinguishable  from  that  of  miliary  tuberculosis. 

The  giant  cells  of  glanders  are  found  in  the  tubercles  of  the 
proliferative  lesion,  in  the  capillaries  and  in  the  lymph  spaces  at 
some  distance  from  and  entirely  outside  of  the  lesion.  As  in 
tuberculosis  they  are  of  both  the  tuberculous  and  “  foreign-body  ” 
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type;  indeed  these  two  types  are  often  associated  in  the  same  lesion. 
The  giant  cells  are  especially  numerous  in  lesions  of  the  testes, 
lungs,  lymph  nodes  and  spleen.  The  lesions  in  the  spleen  afford 
an  excellent  field  in  which  to  trace  the  evolution  of  the  giant  cell. 

The  first  sign  of  a  reaction  is  the  swelling  of  isolated  endothelial 
cells  of  the  blood  or  lymph  channels  to  twice  or  three  times  their 
Such  a  cell  bulges  far  into  the  lumen  although  still  attached  to  the 
vessel  wall  gradually  becoming  larger  and  encroaching  upon  the 
lumen.  This  increase  in  the  size  of  the  endothelial  cell  is  due  to 
the  proliferation  of  the  nucleus  which  first  undergoes  karyokinetic 
division.  The  nuclei  resulting  then  divide  directly,  this  process 
continuing  until  the  cell  becomes  dilated  to  enormous  proportions. 
Such  a  cell  bulges  for  into  the  lumen  although  still  attached  to  the 
vessel  wall.  The  adjacent  endothelial  cells  may  not  show  the 
slightest  change;  this  fact  is  remarkable  as  there  seems  to  be  no 
explanation  for  the  peculiar  activity  in  isolated  cells.  Either  in 
this  stage  or  in  the  later  detached  stage  the  cell  may  be  so  large 
as  to  occlude  and  even  distend  one  portion  of  the  lumen  of  the 
vessel  while  the  adjacent  portions  maintain  their  normal  size.  The 
detachment  of  the  endothelial  cell  occurs  usually  before  the  pro¬ 
liferation  of  the  nuclei  is  complete,  the  distended  cell  containing 
twenty  or  more  nuclei  arranged  in  rouleaux  about  the  periphery. 

In  one  section  it  was  possible  to  follow  the  endothelial  cell 
through  various  transitional  stages  to  the  formation  of  large  multi- 
nucleated  elements.  This  section  was  cut  from  the  spleen  of  a 
guinea-pig  killed  two  weeks  after  inoculation  with  a  glanders  cul¬ 
ture  of  low  virulence.  The  bacilli  were  stained  in  the  lesion  and 
recovered  from  the  organs. 

In  addition  to  the  primary  swelling  of  the  attached  endothelial 
cell  it  is  not  uncommon  to  find  in  the  small  blood  vessels  large  cells 
from  twenty  to  thirty  microns  in  diameter  whose  limiting  mem¬ 
brane  is  sharply  outlined  and  whose  nuclei  present  every  evidence 
of  direct  division.  Such  cells  have  three  or  four  separate  nuclei 
arranged  more  or  less  in  a  row  and  two  or  more  nuclear  masses 
apparently  undergoing  direct  division  (see  Plate  XIV,  Fig.  7). 
These  nuclear  masses  may  consist  of  two  bulbous  ends  connected  by 
a  narrow  bridge  of  nuclear  substance.  In  one  bulb  which  is  twice 
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the  size  of  the  other,  there  is  evidence  of  division  into  separate 
compartments  by  means  of  fine  threads.  In  each  compartment 
there  is  a  deep  staining  granule.  The  other  bulb  is  composed  of 
one  compartment  only  and  this  contains  a  single  large  granule ;  the 
whole  mass  appears  as  a  distinct  nucleus  except  for  the  bridge  still 
holding  it  to  the  smaller  mass.  One  can  easily  perceive  that  a 
section  though  a  plane  above  or  below  this  joining  bridge  would 
give  the  effect  of  separate  nuclei  (see  Plate  XIV,  Fig.  5). 

In  the  study  of  other  giant  cells  in  the  same  section  the  evidence 
of  direct  nuclear  division  is  even  more  striking.  In  one  cell  the 
dividing  nuclear  masses  are  connected  by  narrow  bands  and  the 
whole  arranged  in  a  semicircular  manner  about  the  periphery  of 
the  cell.  One  end  of  this  nuclear  chain  consists  of  smaller  masses 
more  nearly  perfected  and  separated  than  the  masses  of  the  outer 
end  of  the  chain  where  they  are  larger  and  less  distinctly  divided 
off  (see  Plate  XIV,  Fig.  4).  Still  another  stage  in  the  development 
of  the  giant  cell  is  one  in  which  the  nucleus  is  apparently  beginning 
to  divide.  In  such  a  cell  the  nuclear  mass  is  situated  centrally  and 
is  composed  of  three  or  more  vesicular  bulbous  swellings,  each  hav¬ 
ing  the  internal  structure  of  a  separate  nucleus  and  connected  in 
a  circular  manner  one  with  the  other  by  means  of  narrow  bands 
of  nuclear  substance  (see  Plate  XIV,  Fig.  3). 

This  manner  of  nuclear  division  continues  until  the  cell  is  crowded 
with  nuclei.  Finally  the  cells  undergo  necrosis  in  a  manner  char¬ 
acteristic  of  giant  cells.  Occasionally  these  giant  cells  contain 
pigments  or  parts  of  other  cells.  In  the  glanders  tubercle  they 
frequently  contain  numbers  of  glanders  bacilli  (see  Plate  XIV, 
Fig.  6). 

The  study  of  the  various  lesions  produced  by  B.  Mallei  sug¬ 
gests  that  stimulation  of  the  endothelium  by  the  weak  toxin  is  the 
deciding  factor  in  the  production  of  the  glanders  giant  cell.  It  is 
well  recognized  that  the  endothelial  phagocyte  is  capable  of  under¬ 
going  a  marked  increase  in  cell  extent  whether  the  nucleus  divides 
or  not.  Even  when  the  cell  has  migrated  and  is  no  longer  a  part 
of  the  vessel  wall  its  protoplasm  is  capable  of  enormous  distension, 
an  example  of  this  condition  is  in  the  phagocytic  endothelial  cell 
of  typhoid  fever. 
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While  there  is  no  evidence  of  the  fusion  of  cells  in  the  formation 
of  the  giant  cell  of  glanders  there  is  a  proof  of  its  evolution  from 
the  endothelial  cell  through  nuclear  proliferation. 

SUMMARY. 

The  bacillus  of  glanders  may  be  so  modified  in  virulence  as  to 
produce  experimentally  lesions  differing  widely  in  their  histological 
features. 

The  highly  virulent  culture  causes  primary  necrosis  and  dis¬ 
integration  of  the  tissue  followed  by  the  invasion  of  the  injured 
area  by  polymorphonuclear  leucocytes.  The  bacilli  of  moderate 
virulence  give  rise  to  a  primary  lesion  of  an  acute  inflammatory 
nature  in  which  the  cells  show  no  evidence  of  necrosis  or  dis¬ 
integration.  The  attenuated  bacilli  produce  primary  tissue  pro¬ 
liferation  with  the  formation  of  epithelioid  and  giant  cells. 

There  is  every  grade  of  lesion  between  the  acute  exudative  and 
the  chronic  proliferative  depending  upon  the  toxicity  of  the  cultures. 

The  glanders  lesion  whether  exudative  or  proliferative  is  focal 
in  character. 

The  strong  toxins  of  the  glanders  bacilli  cause  degeneration  or 
necrosis  of  cells  and  exudation,  while  the  dilute  and  weak  toxins 
produce  proliferation. 

The  giant  cell  of  glanders  undoubtedly  originates  from  the  endo¬ 
thelial  cell  of  the  blood  and  lymph  channels  and  is  formed  by 
division  of  the  nucleus  of  the  endothelial  cell  and  not  by  cell  fusion. 

Histologically  the  lesion  of  glanders  resulting  from  the  culture 
of  a  low  degree  of  virulence  is  proliferative  and  is  analogous  to 
tuberculosis;  the  lesions  are  focal  and  bear  an  intimate  relation 
to  the  glanders  bacillus. 
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DESCRIPTION  OF  PLATES. 

Plate  XIII. 

Fig.  1.  A  glanders  tubercle.  The  proliferative  type  of  lesion  which  results 
from  the  invasion  of  the  tissues  by  the  attenuated  bacilli. 

Fig.  2.  Section  of  the  rabbit’s  cornea  stained  by  a  special  method  to  demon¬ 
strate  the  glanders  bacilli  in  the  tissues.  The  section  also  shows  the  early  collec¬ 
tion  of  large  acidophilic  granule  cells  about  the  injured  area. 


Plate  XIV. 

Figs.  3,  4,  5.  Represent  the  various  stages  in  the  nuclear  division  of  the 
endothelial  cell  in  the  production  of  the  glanders  giant  cell. 

Fig.  6.  Shows  a  typical  giant  cell  containing  glanders  bacilli. 

Fig.  7.  Shows  a  large  multinucleated  cell  free  in  the  lumen  of  a  capillary. 

Plate  XV. 

Fig.  8.  Section  of  spleen  of  the  guinea-pig  showing  (o)  single  swollen  endo¬ 
thelial  cell  of  the  capillary,  (b)  endothelial  cell  enormously  enlarged  and  con¬ 
taining  many  nuclei  and  still  attached  to  the  vessel  wall,  and  (c)  large  giant 
cell  in  the  lumen  of  capillary. 

Fig.  9.  Section  of  spleen  of  the  guinea-pig  showing  glanders  tubercle,  which 
is  composed  of  epithelioid  cells  grouped  about  a  central  giant  cell. 

Fig.  10.  Section  of  the  rabbit’s  adrenal  showing  an  area  of  necrotic  adrenal 
cells  surrounded  by  a  dense  zone  of  epithelioid  cells. 

Fig.  II.  Section  of  the  guinea-pig’s  spleen  under  low  magnification.  Note 
the  fibrin  thrombi  everywhere  plugging  the  blood  sinuses. 

Fig.  12.  Section  of  the  guinea-pig’s  omentum  containing  a  small  artery. 
Note  the  focal  collection  of  polynuclear  cells  between  the  intima  and  media. 
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Fig.  13.  Section  of  lung  of  rabbit  showing  a  sharply  defined  “glanders 
tubercle  ’’  near  the  pleural  surface.  The  tubercle  is  composed  of  epithelioid 
cells,  giant  cells  and  necrotic  material;  and  histologically  is  analogous  to  the 
miliary  tubercle. 

Fig.  14.  Early  glanders  tubercle  in  the  rabbit’s  cornea.  The  lesion  is  focal 
and  composed  chiefly  of  epithelioid  cells,  which  undoubtedly  have  their  origin 
in  the  corneal  connective  tissue  cells. 

Fig.  15.  Section  of  rabbit’s  liver  showing  extensive  focal  necrosis.  Fibrinous 
thrombi  are  numerous  in  the  sinusoidal  spaces  of  the  affected  lobules. 

Fig.  16.  Section  of  the  tunica  vaginalis  of  the  guinea-pig  showing  multiple 
glanders  foci  composed  of  epithelioid  and  giant  cells. 

Fig.  17.  Section  of  the  tunica  vaginalis  of  the  guinea-pig  showing  a  solitary 
glanders  tubercle  which  is  composed  of  epithelioid  and  giant  cells,  and  moderate 
numbers  of  polynuclear  leucocytes. 
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A  METHOD  OF  DIFFERENTIATING  IN  SECTIONS  OF 
TISSUE  BACTERIA  DECOLORIZED  BY  GRAM’S 
STAIN. 


By  CHARLES  W.  DUVAL,  M.D, 

{From  the  Pathological  Laboratory  of  the  Montreal  General  Hospital.) 

A  number  of  methods  are  given  in  the  text  books  on  histological 
technique  for  staining  in  the  tissues  bacteria  which  are  decolorized 
by  Gram’s  method,  but  owing  to  the  fact  that  the  demonstration 
of  the  bacteria  is  accomplished  at  the  expense  of  the  tissue  differ¬ 
entiation  they  have  all  proved  unsatisfactory. 

Good  results  are  only  occasionally  obtained  by  the  ordinary 
routine  eosin-methylene-blue  method  (recommended  in  Mallory 
and  Wright’s  text  book  on  Pathological  Technique)  and  are  too 
inconstant  to  be  of  practical  value  in  staining  bacteria  in  sections. 
The  failure  of  the  method  to  give  constant  results  does  not  seem 
to  be  the  fault  of  any  one  step  in  the  technique,  therefore  attempts 
to  correct  or  modify  this  method  have  been  unsuccessful. 

In  the  course  of  a  study  of  the  histological  lesions  produced  by 
certain  bacteria  which  do  not  retain  the  Gram  stain,  the  attempt 
was  made  to  demonstrate  the  organisms  and  at  the  same  time  to 
obtain  a  clear  differentiation  of  the  tissues.  The  well  differentiated 
cell-picture  obtained  with  the  various  modifications  of  Leischman’s 
blood  stain  (especially  that  devised  by  Wright),  suggested  to  me 
this  method,  or  some  modification  of  it,  as  a  possible  means  of 
overcoming  the  difficulty  heretofore  encountered.  The  experi¬ 
ment  succeeded  beyond  all  expectation. 

The  staining  solution  used  is  a  modification  of  the  Leisch- 
man-Wright  solution;  the  essential  difference  being  in  the  amount 
of  eosin  used.  The  ordinary  Leischman  stain  and  the  various 
modifications  will  not  give  color  differentiation  to  the  tissues. 
They  all  stain  the  tissues  uniformly  blue  with  little  if  any  nuclear 
differentiation  so  that  the  bacteria  if  stained  are  not  distinguish¬ 
able. 
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Since  the  method  of  preparing  this  special  stain  differs  some¬ 
what  from  that  described  for  the  various  polychrome-staining  mix¬ 
tures,  the  technique  will  be  given  here  in  detail. 

Thoroughly  dissolve  0.5  gram  of  sodium  carbonate  in  100  c.c. 
of  hot  distilled  water,  and  while  hot  add  i  gram  of  Griibler’s 
methylene-blue.  The  mixture  is  now  steamed  in  an  Erlenmeyer 
flask  over  a  water  bath  until  there  is  formed  on  the  surface  a  dis¬ 
tinct  metallic  luster,  which  usually  appears  within  from  twenty 
to  thirty  minutes.  The  solution  is  now  cooled  and  900  c.c.  of 
0.25  per  cent,  aqueous  solution  of  Grubler’s  eosin  is  added  slowly, 
the  flask  being  thoroughly  shaken  after  each  addition.  Finally 
a  precipitate  forms  which  is  collected  on  a  filter  paper  and  while 
in  the  thick,  moist  state  is  turned  out  into  a  dish  and  dried  in  the 
incubator  at  55°  C.  The  drying  is  accomplished  in  one  to  two 
hours.  Dissolve  one  gram  of  the  dry  precipitate  in  100  c.c.  of  a 
0.5  saturated  alcoholic  (methyl)  solution  of  eosin.  The  stain 
should  be  made  fresh  before  using.  The  dried  precipitate  can  be 
kept  as  a  stock  from  which  the  fresh  stain  is  prepared  as  needed. 

Method  of  Application. — The  tissues  are  cut  in  sections  from 
2  to  4  micro-millimeters  in  thickness  and  fixed  in  eighty  per  cent, 
methyl  alcohol  for  twenty-four  hours  and  embedded  in  paraffin. 
Zenker’s  fixation  also  gives  good  results  though  it  is  not  as 
satisfactory  as  with  methyl  alcohol.  Paraffin  sections  are  cut  as 
thin  as  possible  and  fixed  on  slides  in  the  usual  way  by  means  of 
an  albumen  solution.  The  paraffin,  Zenker’s  fluid,  and  iodine  are 
removed  from  the  tissues  by  the  ordinary  method  of  procedure. 
The  sections  are  now  placed  in  ninety-five  per  cent,  methyl  alcohol 
until  ready  to  stain. 

The  slide  containing  the  section  is  removed  from  the  methyl 
alcohol  and  placed  in  a  level  position  over  a  small  tumbler  or  slide 
support  and  covered  evenly  with  the  staining  solution,  care  being 
used  not  to  run  the  stain  over  the  edges  of  the  slide.  The  stain 
should  be  added  before  the  methyl  alcohol  has  time  to  evaporate 
in  order  to  avoid  the  drying  of  the  section.  Distilled  water  is 
now  slowly  added  by  means  of  a  dropper,  until  a  metallic  sheen 
forms  upon  the  surface  of  the  stain.  This  usually  occurs  when 
the  phenomenon  of  ebullition  ceases.  The  section  is  left  covered 
in  the  diluted  stain  thirty  minutes. 
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The  next  step  is  the  differentiation  of  the  tissue  which  is  the 
most  important  one  in  the  whole  procedure.  The  excess  of  stain 
is  first  poured  off  and  the  slide  placed  in  a  dish  of  distilled  water 
in  which  it  is  constantly  moved  to  and  fro  for  from  ten  to  fifteen 
minutes.  The  water  should  be  changed  two  or  three  times  in  the 
course  of  the  process  and  the  section  examined  from  time  to  time 
under  the  low  power  of  the  microscope  to  determine  the  progress 
of  the  differentiation. 

The  stained  section  when  completely  differentiated  appears  to 
the  naked  eye  of  a  distinct  purple  red  color,  whereas  in  the  begin¬ 
ning  it  was  of  a  deep  purple  blue,  varying  in  degree  with  the 
tissue  under  examination.  The  microscopic  examination  shows 
the  nuclei  a  distinct  blue  and  the  intercellular  tissues  a  deep  pink. 
The  differentiation  in  water,  particularly  when  the  water  is  con¬ 
stantly  agitated,  intensifies  the  eosin  stain  of  the  tissue  and  cell 
protoplasm  and  to  some  extent  tones  down  the  blue  stain  of  the 
nuclei. 

The  most  satisfactory  method  of  dehydrating  and  clearing  is  to 
first  quickly  blot  off  the  excess  of  water  by  means  of  absorbent 
tissue  paper  (using  every  care  to  avoid  a  drying  of  the  section), 
then  to  add  a  few  drops  of  ninety-five  per  cent,  methyl  alcohol 
followed  immediately  with  xylol.  The  secret  of  the  whole  pro¬ 
cedure,  after  the  section  is  stained  and  differentiated,  is  in  properly 
dehydrating  without  decolorizing  the  bacteria  or  taking  the  eosin 
stain  from  the  cell  protoplasm  and  intercellular  tissues. 

Sections  dehydrated  in  alcohol  for  more  than  fifteen  seconds 
may  be  completely  decolorized  of  their  eosin.  By  first  removing 
the  excess  of  water  by  means  of  blotting  paper  a  few  seconds  are 
sufficient  to  dehydrate  the  section. 

The  summary  of  the  steps  is  as  follows: 

I  Fix  tissues  in  methyl  alcohol  (or  Zenker’s  fluid)  and  embed  in  paraffin. 

2.  Treat  sections  in  the  usual  way  to  remove  the  paraffin  (or  Zenker’s  fluid 
and  iodine)  and  place  in  95  per  cent,  methyl  alcohol. 

3.  Remove  slide  from  methyl  alcohol  and  cover  evenly  with  the  staining  solu¬ 
tion,  using  care  not  to  run  the  stain  over  the  edges. 

4.  Add  to  the  stain-covered  slide  an  equal  quantity  of  distilled  water  (avoid 
running  the  stain  over  the  edges)  and  allow  it  to  stand  in  the  admixture  from 
IS  to  30  minutes. 

5.  Pour  off  excess  of  stain  and  differentiate  in  distilled  water  for  15  to  30 
minutes,  constantly  keeping  the  water  in  motion. 
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6.  Blot  oflf  excess  of  water  with  tissue  paper  (do  not  allow  to  dry)  and 
dehydrate  for  a  few  seconds  in  95  per  cent,  methyl  alcohol,  or  dehydrate  and 
clear  in  analin  oil,  first  blotting. 

7.  Clear  in  xylol. 

8.  Mount  in  balsam. 

This  method  not  only  renders  possible  the  demonstration  of 
bacteria  in  tissue  sections  but  gives  a  perfectly  satisfactory  tissue 
stain  in  which  the  various  elements  are  clearly  differentiated.  The 
microscopic  picture  is  even  more  delicate  and  distinct  in  color 
contrast  than  that  obtained  with  the  eosin-methylene-blue  method 
after  Zenker’s  fixation.  The  color  contrast  is  especially  well 
marked  in  sections  of  the  spleen  and  lymph  nodes  where  the  proto¬ 
plasm  of  the  individual  cells  is  well  preserved.  Here  the  various 
elements  can  be  as  readily  differentiated  by  their  nuclear  and 
protoplasmic  staining  reaction  as  the  cells  of  a  blood  film.  The 
phagocytic  cells  with  their  inclusions  are  especially  striking  in 
color  contrast.  Blood  platelets  and  fibrin  are  well  stained.  The 
connective  and  muscle  tissues  are  stained  a  deep  pink  color.  Sec¬ 
tions  of  the  cornea  and  skin  are  especially  well  differentiated  by 
this  method  of  staining.  The  epithelial  cells  are  colored  a  dis¬ 
tinct  robin’s-egg  blue  in  contrast  to  the  clear  pink  staining  of  the 
underlying  connective  tissue.  Bacteria  take  a  deep  blue-black  stain 
and  are  readily  detected  either  in  the  cells  or  the  intercellular 
substance. 

The  perfect  staining  of  the  various  tissues  with  the  differentia¬ 
tion  of  the  chromatin  and  cell  protoplasm  renders  the  method 
most  useful  in  the  demonstration  of  protozoa,  such  as  the  amoeba- 
coli,  in  tissues  and  offers  a  more  certain  method  of  recognizing 
protozoan-like  bodies  in  the  cells  and  intercellular  spaces  of  the 
skin  in  certain  contagious  diseases. 


A  STUDY  OF  THE  EFFECT  OF  INTRAVENOUS 
INJECTIONS  OF  SOLUTIONS  OF  PANCREATIC 
TISSUE;  WITH  ESPECIAL  REFERENCE  TO 
THE  CAUSE  OF  COLLAPSE  IN  ACUTE 
PANCREATITIS.* 

By  ANFIN  EGDAHL,  M.D. 

(Assistant  Professor  of  Pathology  and  Bacteriology,  State  University  of  Iowa, 

Iowa  City.) 

Blood-pressure  in  disease  and  especially  in  its  relation  to  shock 
and  collapse  has  been  the  subject  of  much  experimental  work. 
There  is  a  particular  phase  of  this  subject  dealing  with  the  influence 
of  tissue  extracts  and  products  of  tissue  degeneration  in  disease 
that  is  of  special  interest.  Powerful  toxins  can  be  extracted  from 
certain  organs  and  others  are  formed  in  the  process  of  auto-diges¬ 
tion  or  breaking  down  due  to  bacterial  action. 

There  is  evidence  to  show  that  autolysis  differs  somewhat  from 
the  ordinary  decomposition  of  tissue.  Biondi^  believes  there  are 
several  ferments  differing  from  trypsin  at  work  in  self-digestion. 
They  are  specific  for  certain  proteid  molecules  of  the  nature  of 
globulins  and  cause  the  formation  of  end  products  rather  than  of 
albumoses.  Salkowski  believes  a  ferment  is  set  free  at  time  of 
death.  Salkowski,  Jacobi  and  others  have  shown  that  the  cells  of 
the  animal  body  contain  ferments  capable  of  digesting  these  cells 
under  certain  conditions.  Schwiening  and  Jacobi  do  not  consider 
the  ferment  identical  with  trypsin. 

Claypon  and  Schryver^  have  published  some  experiments  on 
autolysis.  They  show  that  there  is  a  latent  period  of  twenty-four 
hours  after  extraction  before  autolysis  begins.  The  authors  be¬ 
lieve  the  ferments  active  in  this  process  do  not  exist  preformed  in 
the  cells,  but  as  zymogens.  On  the  liberation  of  the  enzymes  auto¬ 
lysis  begins.  The  fact  that  they  found  the  latent  period  diminished 

*  Received  for  publication  April  lo,  1907. 

*  Biondi,  Virchow’s  Arch.,  1896,  cxliv,  373. 

’  Claypon  and  Schryver,  Jour,  of  Physiol.,  1904,  xxxi,  169. 
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or  absent  in  organs  of  fasting  animals  suggests  that  liberation  of 
those  enzymes  is  a  normal  mechanism  for  the  intra-vitam  utilization 
of  the  proteids  of  the  tissues.  Even  in  the  earliest  stages  the  maxi¬ 
mum  amount  of  degradation  products  is  in  the  form  of  the  lower 
molecular  compounds. 

It  has  been  proved  that  extracts  from  certain  organs  possess  a 
depressing  effect  on  the  blood  pressure.  Osborne  and  Vincent,^ 
and  Vincent  and  Sheen^  have  studied  this  phenomenon.  Vincent 
and  Sheen  found  that  the  extracts  of  nervous  tissues  produce  a 
marked  temporary  fall  of  blood-pressure  occurring  after  section  of 
both  vagi  and  after  doses  of  atropine  sufficient  to  abolish  vagus 
action.  They  do  not  believe  choline  is  the  active  principle  of  ner¬ 
vous  tissue  extracts.  They  found  extracts  from  muscle  tissue,  kid¬ 
neys,  testes,  pancreas,  liver,  spleen,  ovary,  lungs,  and  intestinal 
mucous  membrane  produce  depressor  effects. 

Vincent  and  Cramer®  showed  that  normal  blood  of  the  ox  and 
rabbit  produced  frequently  as  great  a  fall  of  blood  pressure  in  cats 
and  rabbits  as  Halliburton  observed  when  he  used  pathological 
blood.  It  can  then  be  seen  that  many  organs  possess  substances  that 
are  capable  of  influencing  the  blood-pressure. 

In  regard  to  certain  products  of  decomposition  or  autolysis  Ham¬ 
burger®  has  found  that  peptones  and  albumoses  exert  on  the  organ¬ 
ism  first  a  narcotic  action  resembling  that  of  chloroform;  second, 
an  anticoagulative  effect  when  injected  intravenously;  third,  an 
effect  on  the  blood-pressure.  In  the  form  of  Witte’s  peptone  it 
produced  a  fall  in  pressure.  All  the  ingredients  of  Witte’s  peptone 
with  the  exception  of  anti-peptone  possess  undoubted  vaso-dilating 
properties.  Pick  and  Spiro  found  it  possible  to  obtain  typical  albu¬ 
moses  and  peptones  after  cleavage  of  proteids  by  trypsin,  autolysis, 
and  alkalies,  but  these  authors  found  that  when  such  products  are 
introduced  into  the  blood  no  tifect  was  shown  on  the  blood-pressure. 
They  believe  active  products  prepared  by  acid  or  pepsin  and  acid 
lose  their  typical  action  after  purification  by  a  method  which  appar¬ 
ently  does  not  alter  their  chemical  character. 

*  Osborne  and  Vincent,  Jour,  of  Physiol.,  1900,  xxv,  283. 

*  Vincent  and  Sheen,  ibid.,  1903,  xxix,  242. 

“  Vincent  and  Cramer,  ibid.,  1903-4,  xxx,  143. 

*  Hamburger,  Amcr.  Jour,  of  Physiol.,  1904,  xi,  282. 
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Mendel  and  UnderhilF  doubt  some  of  these  conclusions.  They 
found  that  all  proteose  preparations  introduced  in  doses  of  from 
0.3  to  0.5  gram  per  kilo  of  body  weight  into  the  circulation  of  dogs 
produced  a  fall  in  arterial  pressure,  diminished  coagulability  of  the 
blood,  a  transitory  stage  of  excitation  followed  by  narcosis,  by  a 
degree  of  immunity,  and  in  a  single  experiment  so  far  tried  by 
lymphagogic  effect. 

The  collapse  so  characteristic  of  acute  pancreatitis  has  been  the 
subject  of  considerable  study  of  late.  Several  have  offered  explan¬ 
ations.  Opie*  believes  some  toxin  is  the  cause;  Guleke^  says  it  is 
due  to  trypsin;  Doberauer^*^  believes  it  is  caused  by  some  toxin 
derived  from  the  pancreatic  tissue.  Involvement  of  the  caeliac 
plexus  is  advanced  by  others  as  the  cause.  That  the  stretching  and 
irritation  of  the  sensitive  peritoneum,  and  involvement  of  the  cseliac 
plexus  are  important  contributing  factors  seems  very  probable  in 
view  of  the  exceedingly  severe  pain  seen  in  the  disease.  Some  low¬ 
ering  of  blood-pressure  can  be  produced  by  irritating  these  parts 
experimentally.  This  was  done  on  four  dogs  using  mechanical 
irritation  and  three  per  cent,  nitric  acid.  Although  the  blood- 
pressure  fell  and  there  was  considerable  disturbance  in  respiration 
and  pulse  tracings,  there  was  not  sufficient  evidence  to  indicate  that 
the  collapse  could  be  explained  on  the  basis  of  irritation  of  the 
peritoneum  or  involvement  of  the  cseliac  plexus  alone. 

We  have  in  the  products  of  tissue  decomposition  of  the  pancreas 
substances  capable  of  producing  marked  toxic  symptoms  and  fall  in 
blood-pressure.  The  general  opinion  seems  to  favor  a  toxin  as 
being  the  cause  of  this  collapse  or  at  least  as  being  the  main  cause. 
That  the  pancreas  will  undergo  a  very  rapid  autolysis  is  well  known. 
There  is  marked  tendency  for  a  small  injury  to  spread,  there  is 
breaking  down  of  tissue  and  more  or  less  necrotic  material  tends 
to  form.  In  many  cases  the  peritoneal  cavity  is  partially  or  com¬ 
pletely  filled  with  fluid.  That  the  conditions  for  absorption  of  toxic 
substances  are  favorable  is  evident. 


^Mendel  and  Underhill,  Amer.  Jour,  of  Physiol.,  1902-3,  viii,  377. 

*  Opie,  Diseases  of  the  Pancreas,  Philadelphia,  1903. 

*  Guleke,  Archiv.  f.  klin.  Chir.,  1905-6,  Ixxviii,  845. 

“  Doberauer,  Beitrage  s.  klin.  Chir.,  1906,  xlviii,  456. 
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It  has  been  suggested  that  the  glycerine  formed  in  the  production 
of  fat  necrosis  is  responsible  at  least  in  part  for  the  collapse.  How¬ 
ever  after  repeated  trials  on  dogs  and  rats  obtaining  no  satisfactory 
results  I  came  to  the  conclusion  that  it  played  an  unimportant  part. 

As  already  stated,  trypsin  has  been  advanced  as  a  possible  cause 
of  the  collapse.  That  it  has  a  depressing  effect  is  obvious  from 
the  results  obtained.  But  the  effect  is  not  as  pronounced  as  with 
peptone  and  other  tissue  extracts  of  the  pancreas,  and  is  more  tran¬ 
sient.  So  experimentally  at  least  I  do  not  regard  trypsin  as  im¬ 
portant.  Cathcart“  has  found  that  normal  serum  has  an  anti- 
tryptic  action  which  is  associated  with  the  albumin  fraction.  It  was 
found  in  all  varieties  of  sera  examined  by  the  author  and  is  de¬ 
stroyed  by  exposure  to  55°  C.  for  one  half  hour.  Globulins  do  not 
possess  this  action. 

In  acute  pancreatitis  the  toxin  or  toxins  causing  the  marked  col¬ 
lapse  are  probably  derived  from  the  broken  down  pancreatic  tissue, 
disintegration  being  brought  about  by  the  action  of  bile  salts  in  case 
of  retro jection  of  bile,  and  possibly  through  the  action  of  ferments 
contained  in  the  gland  itself.  Bacterial  action  also  would  readily 
lead  to  the  formation  of  necrotic  material  in  this  gland,  so  readily 
broken  down.  Peptones  and  albumoses  would  be  the  early  sub¬ 
stances  formed,  later  on  aromatic  compounds  as  indol  and  skatol, 
and  certain  phenyl-compounds  would  appear.  Finally,  according 
to  Levene,^^  the  amino-endproducts  are  in  case  of  self-digestion 
of  the  pancreas,  alanin,  amino-valerianic  acid,  leucin,  glutaminic 
acid  and  aspartic  acids,  tyrosin  and  phenylalanin ;  a-pyrrolidin-car- 
bonic  acid  could  not  be  established  with  certainty. 

That  the  degradation  of  tissue  is  rapid  even  in  cases  of  pure  auto¬ 
lysis  is  seen  from  Hamburger’s  experiments.  He  found  that  often 
the  increase  of  nitrogenous  extractives  in  case  of  the  liver  after  an 
incubation  of  twenty-four  hours  amounted  to  more  than  fifty  per 
cent,  of  the  total. 

Peptone  is  an  early  product  formed  in  the  breaking  up  of  cellular 
substances  either  through  autolysis  or  bacterial  action.  This  was 
injected  into  the  femoral  vein  of  three  dogs,  causing  a  fall  slightly 

”  Cathcart,  Jour,  of  Physiol.,  1904-5,  xxxii,  299. 

“Levene,  Amer.  Jour,  of  Physiol.,  1904,  xii,  276. 
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in  excess  of  that  produced  by  trypsin  and  a  little  more  prolonged. 

Experiments. — To  test  the  effect  of  pancreatic  extracts  on  the 
blood-pressure  the  following  experiments  were  undertaken.  These 
can  be  divided  into  two  classes.  The  testing  of  extracts  ( i )  giving 
the  biuret  reaction,  (2)  those  not  giving  the  biuret  reaction.  The 
extracts  were  prepared  as  a  watery  solution  of  fresh  ground  pan¬ 
creas  obtained  from  dogs.  Ten  dogs  were  used  for  the  experiment. 
A  canula  was  inserted  into  the  left  carotid  artery  and  tracings  taken 
on  a  slowly  revolving  drum.  The  injections  were  made  into  the 
femoral  vein  in  most  experiments. 

Injections  of  pancreatic  extracts  giving  the  biuret  reaction  had 
a  marked  effect  on  the  blood-pressure.  The  rapidity  and  extent 
of  the  fall  was  more  pronounced  than  after  the  injection  of  either 
trypsin  or  peptone,  or  after  mechanical  irritation.  Doses  from  2.5 
c.c.  to  2  c.mm.  were  employed  and  were  always  followed  by  a  rapid 
fall  of  about  20  mm.  in  the  mercury  column.  Although  there  was 
a  considerable  difference  in  the  amounts  injected  at  different  times, 
the  difference  in  response  was  not  as  great  as  might  have  been 
expected.  The  results  obtained  showed  that  there  was  present  in 
the  extracts  a  depressor  substance  of  considerable  toxicity.  The 
trypsin  and  peptone  present  had  possibly  some  effect,  but  the  fall 
in  pressure  was  considerably  in  excess  of  that  produced  by  trypsin 
or  peptones  used  alone ;  therefore  there  must  be  present  some  other 
substance  or  substances  in  the  gland  tissue  which  is  more  powerful 
than  those  mentioned.  The  same  results  were  obtained  when  one 
or  both  vagi  were  cut. 

The  inoculation  of  pancreatic  extract  not  giving  the  biuret  reac¬ 
tion  gave  more  pronounced  results  than  that  giving  this  reaction. 
The  fall  of  the  heart  beat  and  respiration  was  more  rapid,  the  fall 
lower,  and  the  recovery  slower.  Since  in  this  solution  no  proteid 
was  present,  all  having  been  converted  into  simple  chemical  struc¬ 
tures  as  aromatic  and  amino  compounds,  we  must  look  among  these 
for  the  main  cause  or  causes  of  the  marked  fall  in  blood-pressure. 
As  in  the  preceding  experiments  the  same  results  were  obtained 
with  one  or  both  vagi  sectioned. 

We  have  thus  in  the  products  of  the  decomposed  pancreas  sub¬ 
stances  that  experimentally  at  least  are  capable  of  producing  a 
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marked  fall  in  blood-pressure.  This  substance  or  these  substances 
are  present  in  the  gland  shortly  after  necrosis  begins,  in  combina¬ 
tion  with  the  trypsin,  the  peptones,  and  albumoses.  The  biuret 
reaction  tends  to  disappear  after  the  lapse  of  a  short  time,  and 
there  is  left  the  aromatic  and  amino  compounds. 

In  addition  to  the  experiments  on  dogs,  thirty  white  rats  were 
inoculated  intraperitoneally  with  pancreatic  material  in  various 
degrees  of  decomposition,  with  the  result  that  twenty-one  died,  nine 
recovered;  but  those  that  recovered  showed  marked  evidence  of 
severe  effects  for  a  day  or  two  after  inoculation.  The  material  not 
giving  the  biuret  reaction  seemed  especially  toxic.  Seven  died 
within  twelve  hours  after  inoculation  with  this  solution.  However 
it  appeared  that  when  the  material  had  stood  for  three  or  four 
weeks  the  toxicity  was  not  as  great  and  recovery  was  more  likely. 

Bacteriological  inoculations  were  made  from  the  peritoneal  cavi¬ 
ties  of  all  the  animals  dying,  and  from  only  one  was  a  pathogenic 
germ  isolated,  namely  Micrococcus  pyogenes  aureus.  The  blood¬ 
vessels  of  the  peritoneum  of  most  of  the  rats  were  injected,  but  no 
exudate  was  present.  ' 

i 

CONCLUSIONS. 

From  these  results  it  is  permissible  to  draw  the  following  con¬ 
clusions  which  may  be  used  to  explain  certain  phenomena  associated 
especially  with  the  onset  of  acute  pancreatitis. 

1.  The  sudden  marked  collapse  of  acute  pancreatitis  has  as  its 
most  important  cause  a  toxin  or  toxins  derived  from  broken  down 
pancreatic  tissue.  This  toxin  or  toxins  seem  to  be  most  powerful 
in  the  stage  of  degradation  just  after  the  disappearance  of  the  biuret 
reaction  and  are  probably  of  the  nature  of  aromatic  and  amino- 
compounds. 

2.  There  are  various  contributing  factors  of  toxic  action  as  pep¬ 
tone  and  trypsin,  but  these  are  to  be  regarded  as  of  secondary  im¬ 
portance. 

3.  Mechanical  irritation  as  stretching  of  the  peritoneum  and  irri¬ 
tation  of  the  cseliac  plexus  is  a  secondary  cause. 

4.  The  glycerine  produced  through  the  action  of  steapsin  cannot 
be  regarded  as  an  important  cause  of  collapse. 


EXPERIMENTAL  PLEURISY— RESOLUTION  OF  A 
FIBRINOUS  EXUDATE. 


By  EUGENE  L.  OPIE. 

{From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

The  purpose  of  the  present  study  has  been  to  determine  the  part 
taken  by  enzymes  in  the  resolution  of  a  fibrinous  exudate.  Pre¬ 
vious  studies  have  shown  that  those  cells,  which  with  inflammation 
act  as  phagocytes  and  are  capable  of  intracellular  digestion,  con¬ 
tain  two  proteolytic  enzymes.  One  enzyme  first  described  by 
Friedrich  Muller  is  peculiar  to  the  polynuclear  leucocytes  with  fine 
granulation  and  is  most  efficient  in  the  presence  of  a  weakly  alkaline 
medium.  The  second  enzyme,  which  is  present  in  the  mononuclear 
phagocytes  or  macrophages,  digests  only  in  the  presence  of  acid 
and  resembles  the  so-called  autolytic  enzyme  which  is  present  in 
almost  all  tissues  of  the  body.  The  action  of  these  enzymes  is 
best  studied  in  exudates  produced  by  sterile  inflammatory  irritants, 
since  bacteria  themselves  contain  proteolytic  enzymes  which  may 
be  mistaken  for  the  enzymes  peculiar  to  the  exudate. 

When  turpentine  is  injected  into  the  subcutaneous  tissue  of  the 
dog  an  abscess  containing  thick,  yellowish  white  pus  is  formed  and 
causes  extensive  solution  of  tissue  and  undermining  of  the  skin. 
The  purulent  fluid  contains  cells  in  great  number  many  of  which 
undergo  disintegration  so  that  the  small  amount  of  turbid  fluid 
which  by  centrifugalization  can  be  separated  from  the  cells  of  the 
exudate  contains  fat  droplets  and  other  products  doubtless  derived 
from  destroyed  leucocytes;  no  fibrin  is  present.  I  have  previously 
shown^  that  the  serum  removed  by  centrifugalization  from  this 
purulent  exudate,  unlike  the  serum  of  the  blood,  fails  to  inhibit 
the  proteolytic  enzyme  contained  in  the  polynuclear  leucocytes 
(leucoprotease). 

When  an  equal  quantity  of  turpentine,  one  cubic  centimeter,  is 
injected  into  the  pleural  cavity  of  the  dog,  the  reaction  which  re- 


^Jour.  of  Exper.  Med.,  1906,  viii,  536. 
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suits  is  very  different.  Fluid  accumulates  in  large  quantity  so  that 
at  the  end  of  three  days  there  may  be  one  hundred  or  more  cubic 
centimeters.  During  the  first  two  or  three  days  after  injection 
this  fluid  is  coagulable,  and  fibrin  in  considerable  quantity  is  de¬ 
posited  upon  the  pleural  surfaces.  The  accumulation  of  fluid  and 
its  gradual  disappearance  may  be  followed  with  considerable  ac¬ 
curacy  during  life  by  percussion  of  the  animal’s  chest.  Only  by 
such  examination  during  life  has  it  been  possible  to  follow  the 
course  of  each  experiment  and  to  determine  when  the  inflammatory 
reaction  is  progressing  and  when  receding. 

Sero-fibrinous  Pleurisy. — In  all  instances  turpentine  has  been  in¬ 
jected  into  the  right  pleural  cavity.  When  the  dog  is  standing 
dullness  on  percussion  caused  by  the  heart  extends  a  variable  dis¬ 
tance  to  the  right  of  the  median  line;  occasionally  there  is  at  the 
usual  level  of  the  uppermost  pair  of  teats  absolute  dullness  or 
flatness  on  percussion  one  or  two  centimeters  from  the  mid-line, 
but  in  most  instances  there  is  no  absolute  dullness,  but  merely  im¬ 
pairment  of  resonance  (relative  dullness)  over  an  area  correspond¬ 
ing  to  the  underlying  heart  two  or  three  centimeters  to  the  right 
of  the  mid-line.  With  accumulation  of  fluid  there  is  increase  of 
dullness  in  the  dependent  part  of  the  chest  so  that  the  gradual  rise 
of  the  upper  level  of  dullness  measured  from  the  median  line  may 
be  determined  from  day  to  day.  Immediately  above  the  level  of 
absolute  dullness  is  an  area  of  impaired  resonance  usually  one  or 
two  centimeters  across.  By  changing  the  position  of  the  animal 
so  that  the  vertebral  column  is  upright,  there  is  change  in  the  dis¬ 
tribution  of  dullness  on  percussion  corresponding  to  change  in  the 
position  of  the  fluid,  but  this  change  at  times  occurs  slowly  and  is 
evident  only  after  the  upright  position  has  been  maintained  for 
several  minutes.  In  the  upright  position  the  area  of  flatness  meas¬ 
ured  to  the  right  from  the  median  line  diminishes,  but  does  not 
return  to  the  normal  limit  present  before  injection  of  turpentine, 
and  at  the  same  time  flatness  appears  in  the  back  over  the  lower¬ 
most  part  of  the  chest  next  to  the  vertebral  column.  Movable 
dullness  is  recognizable  here  when  the  limit  of  hepatic  dullness  has 
been  previously  mapped  out  with  the  animal  in  its  normal  position. 
Aspiration  of  fluid  has  been  much  facilitated  by  inserting  the 
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needle  in  this  area  of  movable  dullness  and  withdrawing  fluid  while 
the  animal  is  held  in  upright  position. 

By  carefully  determining  by  percussion  the  height  of  fluid  from 
day  to  day,  it  has  been  found  that  almost  constant  changes  follow 
the  injection  of  turpentine.  The  gradual  increase  of  fluid  during 
three  days  and  its  subsequent  disappearance  is  illustrated  by  the 
following  experiment,  in  which  the  height  of  fluid  was  determined 
in  the  normal  horizontal  position. 


Experiment  /. 

Absolute  Relative 

Dullness.  Dullness. 


Before  injection 

0 

cm. 

2.9 

cm. 

After  one  day 

31 

cm. 

4.8 

cm. 

After  two  days 

47 

cm. 

6.0 

cm. 

After  three  days 

S-S 

cm. 

7.0 

cm. 

After  four  days 

4.8 

cm. 

7.0 

cm. 

After  five  days 

0 

cm. 

6.3 

cm. 

I  C.C.  turpentine  injected  into  right  pleural 
cavity. 

Animal  is  inert. 

Animal  appears  sick. 

Animal  is  somewhat  inert. 

Animal  appears  to  be  well. 


The  animal  has  been  killed  at  the  end  of  five  days;  the  right  pleural  cavity 
contains  43  c.c.  of  deep  red  fluid  (containing  blood)  and  over  the  ventral  half 
of  the  external  surface  of  the  lung  is  a  thin  layer  of  fibrin. 


The  foregoing  experiment  serves  to  indicate  the  limitations  of 
percussion  applied  to  the  dog’s  chest,  for  although  the  cavity  has 
contained  forty-three  cubic  centimeters  of  fluid  there  has  been  no 
absolute  dullness  on  percussion. 

In  nine  of  twelve  experiments  the  maximum  height  of  fluid  was 
present  at  the  end  of  three  days  after  injection  of  one  cubic  centi¬ 
meter  of  turpentine  into  the  right  pleural  cavity.  In  three  in¬ 
stances  the  maximum  amount  of  dullness  was  present  at  the  end 
of  two  days.  Having  reached  a  maximum  the  dullness  disappears 
with  much  rapidity.  With  subsidence  of  fluid  it  is  noteworthy 
that  the  area  of  impaired  resonance  often  does  not  diminish  as 
rapidly  as  the  absolute  dullness.  Examination  after  death  indi¬ 
cates  that  such  impairment  of  resonance  on  percussion  may  be 
caused  by  a  layer  of  fibrin  still  present  over  the  surface  of  the  lung. 
Moreover,  it  has  been  found  that  even  when,  at  the  end  of  six  or 
more  days,  fluid  has  completely  disappeared  from  the  cavity  reson¬ 
ance  near  the  sternum  may  still  be  absent  or  impaired,  because  there 
is  in  this  situation  a  layer  of  fibrin  of  variable  thickness.  Careful 
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percussion  of  the  chest  during  the  course  of  such  experiments  has 
the  further  advantage  that  the  success  of  attempted  intrapleural 
injection  may  be  determined  after  one  or  two  days.  If  the  in¬ 
jecting  needle  has  entered  the  lung  a  sterile  intrapulmonary  abscess 
results  and  instead  of  dullness  over  the  dependent  part  of  the  chest 
percussion  shows  flatness  of  an  especially  hard  resistant  character 
about  the  site  of  injection.  By  percussion  after  aspiration  it  is 
possible  to  determine  if  fluid  present  in  the  chest  has  been  almost 
completely  removed. 

At  the  end  of  two  or  three  days  after  injection  of  turpentine, 
when  there  is  greatest  dullness  on  percussion,  the  fluid  in  the  pleural 
cavity  may  be  one  hundred  cubic  centimeters  or  more.  The  fluid 
is  usually  turbid  and  pale  yellow,  but  the  presence  of  red  corpuscles 
may  give  it  a  reddish  color.  Cells  are  present  in  such  small  number 
that  after  centrifugalization  they  are  found  to  represent  only  a  very 
small  proportion,  usually  about  half  of  one  per  cent,  of  the  total 
volume  of  the  exudate.  At  the  end  of  five  or  six  days  fluid  has  in 
most  instances  completely  or  almost  completely  disappeared  from 
the  cavity.  The  following  table  shows  the  quantity  of  fluid  present 
in  the  chest  at  autopsy  performed  at  various  intervals  after  the 
injection  of  one  cubic  centimeter  of  turpentine. 


Time  after  Injection 


2  Days. 


TABLE  I. 

3  Days. 


io6  cm.  22  cm. 
96  cm. 


4  Days.  5  Days 

130  cm.  43  cm. 
38  cm.  I  cm. 

25  cm. 

7  cm. 


6  Days.  7  Days. 

I  cm.  0.5  cm. 

0  cm. 
o  cm. 


These  figures  show  that  the  fluid  present  in  the  pleural  cavity 
varies  considerably  in  different  animals  at  the  same  stage  of  the 
inflammatory  reaction  although  the  same  irritant  has  been  injected; 
percussion  of  a  much  larger  number  of  animals  has  shown  that  the 
maximum  accumulation  of  fluid  is  reached  at  the  end  of  two  or 
more  frequently  of  three  days.  The  rapidity  with  which  fluid  dis¬ 
appears  is  subject  to  wide  variation  though  in  most  instances  at  the 
the  end  of  five  or  six  days  the  quantity  remaining  is  trivial. 

The  intensity  of  the  inflammatory  reaction  bears  no  constant 
relation  to  quantity  of  irritant  injected.  The  volume  of  the  fluid 
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which  accumulates  in  the  chest  during  the  first  three  days  after 
intrapleural  injection  is  roughly  indicated  by  the  extent  of  dullness 
on  percussion,  the  animals  employed  being  dogs  of  fairly  uniform 
size  weighing  four  or  five  kilos.  The  following  experiments  are 
quoted  to  show  the  variable  effect  produced  by  injection  of  one 
half,  of  one,  or  of  two  cubic  centimeters  of  turpentine. 

After  Injection  of  One  Half  Cubic  Centimeter  of  Turpentine. — After  injection 
of  O-S  cubic  centimeter  of  turpentine  the  maximum  amount  of  dulness  was  present 
in  one  animal  after  one  day,  in  one  after  two  days,  in  the  third  after  three  days. 
The  least  (Experiment  II)  and  the  greatest  (Experiment  III)  amount  of  dullness 
resulting  is  recorded  as  follows : 

Experiment  II.  Experiment  III. 


Absolute 

Relative 

Absolute 

Relative 

Dullness. 

Dullness. 

Dullness. 

Dullness. 

Before  injection 

0 

cm. 

1. 1  cm. 

0  cm. 

2.4  cm. 

After  one  day 

o 

cm. 

4.8  cm. 

4-3  cm. 

54  cm. 

After  two  days 

0 

cm. 

2.6  cm. 

5.8  cm. 

7.7  cm. 

After  three  days 

o 

cm. 

1. 1  cm. 

7.6  cm. 

9.2  cm. 

After  Injection  of  One  Cubic  Centimeter  of  Turpentine. — Of  ten  experiments, 
in  three  the  maximum  amount  of  dullness  was  present  at  the  end  of  two  days,  in 
seven  at  the  end  of  three  days.  The  least  (Experiment  IV)  and  the  greatest 
(Experiment  V)  dullness  was  as  follows: 


Experiment  IV.  Experiment  V. 


Absolute 

Relative 

Absolute 

Relative 

Dullness. 

Dullness. 

Dullness. 

Dullness. 

Before  injection 

0  cm. 

2.2  cm. 

0  cm. 

3-9  cm. 

After  one  day 

0  cm. 

2.2  cm. 

4  5  cm. 

8.2  cm. 

After  two  days 

3.8  cm. 

5.2  cm. 

7.0  cm. 

8.6  cm. 

After  three  days 

0  cm. 

3  S  cm. 

7.7  cm. 

9.2  cm. 

After  Injection  of  Two  Cubic  Centimeters  of  Turpentine. — In  four  experi¬ 
ments  the  maximum  of  dullness  occurred  after  two  days,  and  in  two  experiments 
after  three  days.  Experiments  showing  the  least  (Experiment  VI)  and  the 
greatest  dullness  (Experiment  VII)  are  as  follows; 


Experiment  VI. 

Experiment  VII. 

Absolute 

Relative 

Absolute 

Relative 

Dullness. 

Dullness. 

Dullness. 

Dullness. 

Before  injection 

0  cm. 

2.0  cm. 

0  cm. 

2.6  cm. 

After  one  day 

2.9  cm. 

5.0  cm. 

3.6  cm. 

7.0  cm. 

After  two  days 

4-5  cm. 

6.0  cm. 

7.2  cm. 

10.6  cm. 

After  three  days 

4.4  cm. 

5  4  cm. 

10.2  cm. 

12.4  cm. 

The  observations  just  described  show  that  although 

there  is  in 

general  an  increase  in  the  amount  of  exudation  corresponding  to 
an  increase  of  the  irritant  injected,  there  is  such  wide  variation  that 
the  greatest  exudation  of  fluid  after  injection  of  one  half  cubic 
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centimeter  of  turpentine  may  exceed  the  least  exudation  caused 
by  two  cubic  centimeters.  Peculiarities  of  the  animal  or  conditions 
aflfecting  it  obviously  have  a  very  important  part  in  determining  the 
intensity  of  the  inflammatory  reaction. 

Fibrin  which  forms  a  layer  between  the  surface  of  the  lung  and 
the  parietal  pleura  is  deposited  in  greatest  abundance  in  the  most  de¬ 
pendent  part  of  the  cavity.  The  pleural  surface  of  the  pericardium 
and  the  ventral  half  of  the  external  surface  of  the  lung,  particularly 
near  the  sternum,  is  at  the  end  of  two  or  three  days  covered  by  a 
layer  of  fibrin  a  millimeter  or  more  in  thickness;  whereas  over  the 
posterior  border  of  the  lung  and  over  the  adjacent  external  sur¬ 
face  there  is  little,  if  any,  fibrin.  Everywhere  the  surfaces  of  the 
visceral  and  parietal  pleurae  have  lost  their  normal  appearance,  and 
are  dull.  During  the  early  stages  of  the  inflammatory  process 
the  fibrin  is  opaque  white  and  succulent  in  appearance,  but  later, 
at  a  time  when  fluid  has  disappeared  from  the  cavity,  that  is  at 
the  end  of  five  or  six  days,  fibrin  forms  a  much  thinner  layer  and 
is  dry,  gray-white  and  tough.  This  layer  of  fibrin  which  is  usually 
attached  very  loosely  to  the  pleura  gradually  diminishes  and  at  the 
end  of  about  two  weeks  or  less  has  completely  disappeared.  The 
pleural  cavity  has  become  entirely  normal  or  a  few  organized 
fibrous  shreds  represent  the  only  evidence  of  former  inflammation. 

Microscopical  examination  of  the  fibrin  present  at  the  end  of 
two  days  shows  that  it  is  fairly  dense  in  structure,  consisting  of 
irregular  strands  or  lamellie  containing  imbedded  in  their  sub¬ 
stance  cells  with  a  single  oval  or  somewhat  irregular  nucleus  and 
abundant  protoplasm.  Polynuclear  leucocytes  are  present  in  con¬ 
siderable  number;  within  the  substance  of  the  fibrin  they  are  less 
numerous  than  the  mononuclear  cells  but  occur  in  collections 
of  considerable  size  in  spaces  between  the  strands.  In  scattered 
areas,  on  the  contrary,  the  fibrin  itself  may  be  infiltrated  with  poly¬ 
nuclear  leucocytes  in  considerable  number.  Where  fibrin  rests 
upon  a  serous  surface  endothelial  cells  have  completely  disappeared. 

At  the  end  of  two  days  the  polynuclear  leucocytes  which  are 
present  are  well  preserved,  the  nucleus  having  the  typical  multilobed 
form,  but  after  four  or  five  days  both  polynuclear  and  mononuclear 
cells  have  in  large  part  disappeared  from  the  fibrin  which  in  places 
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may  be  nearly  free  from  cells.  Polynuclear  leucocytes  which  re¬ 
main  show  various  forms  of  degeneration;  the  nucleus  stains 
deeply  and  may  be  broken  into  a  large  number  of  small  round 
fragments,  or  may  have  completely  disappeared  leaving  a  necrotic 
cell  recognizable  by  its  size  and  by  comparison  with  neighboring 
cells,  which  have  undergone  less  advanced  change.  Though  the 
mononuclear  cells  which  at  an  earlier  period  have  been  embedded 
within  the  strands  of  fibrin  have  in  many  places  disappeared,  sim¬ 
ilar  cells  are  numerous  where  fibrin  is  in  contact  with  the  underly¬ 
ing  pleura.  In  places  occur  foci  of  large  mononuclear  cells, 
massed  together  and  situated  between  strands  of  fibrin  where  poly¬ 
nuclear  leucocytes  were  previously  most  abundant. 

At  the  end  of  six  days  organization  of  fibrin  is  beginning  and 
blood  vessels  accompanied  by  lymphoid  and  large  mononuclear  cells 
in  variable  number  are  making  their  way  from  the  pleural  tissue 
which  has  often  undergone  considerable  proliferation  into  the  fibrin 
which  in  corresponding  degree  is  disappearing.  The  relation  of 
one  or  other  type  of  cell  to  the  solution  and  disappearance  of  fibrin 
is  not  discoverable  in  sections  of  the  tissue,  though  not  infrequently 
those  large  mononuclear  cells  with  abundant  protoplasm  which  act 
as  phagocytes  (macrophages)  are  abundant  where  fibrin  is  ob¬ 
viously  undergoing  solution. 

Pleurisy  on  the  Left  Side  Caused  by  Injection  into  the  Right 
Pleural  Cavity. — The  left  pleural  cavity  in  most  instances  remains 
unaffected  by  the  inflammatory  process  occurring  in  the  right,  but 
occasionally  there  is  accumulation  of  fluid  containing  a  small  num¬ 
ber  of  leucocytes,  and  fibrin  is  deposited  especially  upon  the  pleural 
surface  of  the  mediastinum  and  of  the  pericardium  and  upon  the 
adjacent  surface  of  the  left  lung.  This  inflammatory  reaction  is 
doubtless  referable  to  irritation  of  the  thin  membrane  which  forms 
a  considerable  part  of  the  mediastinum,  separating  the  right  and 
left  pleural  cavities.  In  several  instances  the  left  pleural  cavity 
has  been  found  to  contain  a  considerable  quantity  of  fluid  at  a  time 
when  fluid  has  almost  completely  disappeared  from  the  right  cavity 
which  received  the  irritant.  In  one  instance  at  the  end  of  four 
days  the  right  cavity  contained  only  seven  cubic  centimeters  of  fluid, 
whereas  the  left  cavity  contained  seventy-five  cubic  centimeters; 
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in  a  second  experiment  at  the  end  of  four  days  the  right  cavity 
contained  ten  cubic  centimeters  and  the  left,  one  hundred  and  fifty 
cubic  centimeters  of  fluid ;  the  reaction  was  at  its  height  in  the  left 
pleural  cavity  at  a  time  when  it  was  subsiding  in  that  cavity  which 
had  received  the  injection. 

The  sero-fibrinous  pleurisy  which  has  been  described  presents  an 
opportunity  to  study  the  accumulation  and  disappearance  of  fluid 
and,  as  well,  the  formation  and  solution  of  a  fibrinous  exudate. 
The  whole  process  of  resolution  may  be  studied  under  conditions 
uncomplicated  by  the  presence  of  a  living  multiplying  microorgan¬ 
ism  which  may  contain  enzymes  and  other  bodies  similar  to  those 
present  in  the  cells  of  the  inflammatory  exudate.  Moreover  the 
sero-fibrinous  inflammation  which  is  caused  by  turpentine  does 
not  differ  in  any  essential  features  from  similar  pleurisies  which  in 
man  are  caused  by  Diplococcus  lanceolatus  and  other  microorgan¬ 
isms,  the  changes  which  occur  reproducing  with  considerable  ac¬ 
curacy  the  human  lesions.  The  analogy  of  this  type  of  pleurisy  to 
acute  lobar  pneumonia  is  close  and  resolution  in  the  two  processes 
is  in  its  underlying  features  doubtless  the  same. 

Fate  of  the  Irritant. — In  order  to  determine  the  relation  of  the 
reaction  to  the  irritant  the  fate  of  the  injected  turpentine  is  of  much 
importance.  During  the  first  three  days  at  a  time  when  the  fluid 
is  increasing,  turpentine  can  be  recognized  by  its  characteristic  odor 
in  fluid  removed  from  the  chest.  At  a  later  period  it  is  no  longer 
recognizable,  although  in  the  purulent  exudate  removed  from  an 
abscess  caused  by  subcutaneous  injection  of  turpentine,  the  sub¬ 
stance  is  recognizable  by  its  odor  at  a  much  later  period.  Accumu¬ 
lation  of  pleural  exudate  ceases  perhaps  when  the  irritant  has  been 
destroyed  or  removed  from  the  cavity,  and  subsequently  absorption 
proceeds  with  variable  rapidity,  being  completed  within  from  four 
to  six  days  after  injection  of  turpentine. 

Coagulability  of  the  Exuded  Fluid. — When  aleuronat  in  sus¬ 
pension  is  injected  into  the  pleural  cavity  of  the  dog  serum  con¬ 
taining  leucocytes  accumulates  in  large  quantity,  but  fibrin  Is  not 
deposited  upon  the  pleural  surfaces ;  samples  of  fluid  removed  from 
the  chest  fail  to  undergo  noteworthy  coagulation,  and  after  stand- 
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ing  for  a  considerable  time  only  a  few  shreds  form  about  the  cells 
which  have  subsided.  When,  on  the  contrary,  turpentine  has  been 
used  to  excite  inflammation,  fluid  removed  from  the  pleural  cavity 
during  the  first  three  days  after  injection  of  the  irritant  under-, 
goes  such  firm  coagulation  within  a  few  minutes  that  a  small  tube 
containing  it  may  be  inverted.  The  coagulum  occupies  the  entire 
volume  of  the  fluid.  At  the  end  of  two  days  or  occasionally  after 
three  days  coagulation  is  less  complete  and  the  coagulum  which 
forms  perhaps  after  the  fluid  has  stood  for  a  considerable  time, 
occupies  only  a  small  part  of  the  entire  volume  of  fluid,  whereas  in 
some  instances,  only  a  small  shred  of  fibrin  may  be  formed.  Fluid 
removed  at  the  end  of  five  or  six  days  fails  to  undergo  coagulation. 

Such  casual  examination  of  specimens  of  fluid  removed  at 
various  intervals  after  injection  of  the  irritant  suggests  that  the  de¬ 
gree  of  coagulation  is  dependent  upon  the  amount  of  fibrinogen  in 
the  fluid  and  bears  no  relation  to  the  presence  or  absence  of  fibrin 
ferment.  After  the  third  day,  at  a  time  when  little  if  any  fresh 
serum  finds  its  way  from  the  blood  vessels  into  the  cavity,  fibrinogen 
has  been,  doubtless,  almost  completely  or  completely  deposited  to 
form  the  mass  of  fibrinous  exudate  adherent  to  the  pleural  surfaces. 
It  is  not  impossible  that  this  layer  of  fibrinous  deposit  is  derived 
from  a  greater  volume  of  fluid  than  is  present  in  the  cavity  at  any 
one  Lime,  the  serum  of  the  blood  forming  by  weight  only  from 
0.2  to  0.4  per  cent,  of  fibrin.  During  the  period  when  fluid  is 
accumulating  in  the  cavity  it  is  probable  that  it  is  at  the  same  time 
escaping,  in  part  at  least,  by  way  of  the  lymphatics.  Fluid  is 
entering  in  greater  quantity  than  it  is  leaving  the  cavity  and  that 
which  enters  is  adding  to  the  fibrinous  deposit.  After  the  third 
day,  however,  little  fluid  is  entering,  while  much  is  absorbed  and 
hence  the  supply  of  fibrinogen  has  ceased. 

Enzymes  of  the  Exuded  Fibrin. — Previous  studies^  have  shown 
that  the  cells  of  inflammatory  exudates  contain  two  proteolytic  en¬ 
zymes,  demonstrable  by  subjecting  coagulable  pro teid  to  their  action. 
Proteolysis  caused  by  these  enzymes  has  been  measured  by  estimat¬ 
ing  by  means  of  the  Kjeldahl  method  the  amount  of  nitrogen  of 
coagulable  proteid  (heated  blood  serum)  converted  by  digestion  at 


^  Jour,  of  Expcr.  Med.,  1905,  vii,  316;  ibid.,  1906,  viii,  410. 
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body  temperature  into  incoagulable  form.  The  activity  of  enzymes 
contained  in  the  fibrinous  exudate  may  be  tested  by  a  more  direct 
and  simple  method ;  disintegration  and  solution  of  the  exuded  fibrin 
may  serve  as  an  index  of  the  activity  of  the  proteolytic  enzymes 
which  it  contains. 

Particles  of  exuded  fibrin,  freed  from  serum  by  washing  in  nor¬ 
mal  salt  solution  and  pressing  one  or  more  times  between  pads  of 
sterile  gauze,  undergo  autolysis  when  suspended  in  salt  solution 
(0.85  per  cent.).  The  necessity  of  removing  the  serum  of  the 
exudate  is  demonstrated  by  the  following  experiment  in  which 
measured  quantities  of  serum  have  inhibited  the  self-digestion  of 
particles  of  fibrin  of  approximately  equal  size  suspended  in  fluid  of 
which  the  volume  has  been  brought  to  twenty  cubic  centimeters  by 
addition  of  normal  salt  solution.  Putrefaction  is  prevented  by 
addition  of  toluol.  The  occurrence  of  digestion  as  far  as  it  is  indi¬ 
cated  by  disintegration  and  solution  of  the  particle  of  fibrin  has 
been  indicated  by  the  plus  sign  (-1-)  and  the  degree  of  disintegra¬ 
tion  by  one  or  more  such  signs  dependent  upon  the  appearance  of 
the  fibrin  still  undissolved. 


Experiment  VIII, 

Fibrin  of  Exudate. 

With  no  serum  of  exudate 
“  0.5  c.c.  serum  of  exudate 
“  1.0  “ 

“  2.0  “  “  “ 


Degree  of  Digestion  after 
3  Days  at  37°  C. 


"I - f- 

+ 


O 

0 


Under  the  conditions  of  the  experiment  two  cubic  centimeters  of 
the  serum  are  sufficient  to  preserve  the  exuded  fibrin  unchanged 
during  three  days  at  37°  C.,  while  smaller  quantities  appreciably 
inhibit  its  self-digestion. 

The  cells  of  the  serous  inflammatory  exudate  produced  by  injec¬ 
tion  of  aleuronat  into  the  pleural  cavity  contain  two  enzymes,  one 
of  which,  leucoprotease,  acts  in  the  presence  of  an  alkaline  medium, 
whereas  the  other,  which  for  convenience  may  be  designated  lym- 
phoprotease,  acts  only  in  the  presence  of  acid;  lymphoprotease  is 
present  in  greatest  quantity  in  the  exuded  cells  during  the  later 
stages  of  inflammation.  In  view  of  these  facts  fibrin  of  the  exu- 
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date  present  in  the  pleural  cavity  at  various  intervals  after  injection 
of  turpentine  has  been  subjected  to  the  action  of  weak  acetic  acid 
and  of  dilute  solutions  of  sodium  carbonate.  The  layer  of  fibrinous 
exudate  stripped  from  the  surface  of  the  lung  is  freed  from  serum 
and  cut  into  particles  of  approximately  equal  size.  Each  particle 
of  fibrin  is  suspended  in  five  cubic  centimeters  of  fluid.  The  test- 
tube  containing  fluid  and  fibrin  is  tightly  closed  with  a  rubber  stop¬ 
per  after  a  small  quantity  of  toluol  (five  drops)  has  been  added  to 
prevent  growth  of  bacteria.  Since  the  serum  of  the  blood  inhibits 
the  action  of  the  enzymes  contained  in  the  exudate,  one  of  the 
equivalent  particles  of  fibrin  is  for  control  suspended  in  five  cubic 
centimeters  of  fluid  containing  one  cubic  centimeter  of  blood  serum; 
since  no  digestion  occurs  and  the  particle  of  fibrin  remains  un¬ 
changed,  comparison  will  show  the  amount  of  solution  in  the  other 
tubes.  All  of  the  tubes  have  been  incubated  at  38'’  C.  during  from 
four  to  seven  days. 

In  the  presence  of  a  weak  alkaline  solution,  fibrin  may  quickly 
swell  and  undergo  conversion  into  a  viscid,  semi-fluid  substance, 
which  is,  in  part,  dissolved  in  the  overlying  fluid.  Weak  acid 
causes  the  fibrin  to  contract  and  break  up  into  a  fine,  powder-like 
sediment.  In  either  case,  when  digestion  occurs,  the  fluid  becomes 
turbid,  while  in  absence  of  digestion,  the  fluid  about  the  unchanged 
fibrin  remains  almost  clear.  Slight  digestion  may  be  indicated  by 
erosion  of  the  fibrin  recognizable  only  by  comparison  with  the  con¬ 
trol  suspended  in  diluted  blood  serum. 

Further  evidence  of  proteolytic  digestion  may  be  obtained  by 
testing  for  incoagulable  digestion  products  the  fluid  overlying  what 
remains  of  the  fibrin.  The  simple  method  of  testing  for  peptones 
suggested  by  Obermeyer^  and  employed  by  Starling,^  Halliburton 
and  Colls,®  and  others  has  been  used,  the  tube  containing  blood  serum 
again  serving  as  control.  Three  cubic  centimeters  of  the  fluid  over- 
lying  the  remains  of  the  fibrin  are  mixed  with  an  equal  quantity  of 
a  ten  per  cent,  solution  of  trichloracetic  acid.  After  the  mixture  has 
been  shaken  and  allowed  to  stand  for  a  short  time,  the  precipitate 

*  Med.  Jahrbucher,  1888,  iii,  375.  Ref.  Maly’s  J ahresbericht,  1889,  xix,  7. 

*  Jour,  of  Physiol.,  1893,  xiv,  131. 

'Jour,  of  Path,  and  Pact.,  1896,  iii,  295. 
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of  coagnlable  proteid  is  removed  by  filtration.  The  filtrate  is  now 
tested  for  biuret  reaction.  The  intensity  of  the  reaction,  which  has 
been  used  by  Starling  for  quantitative  estimation,  gives  indication 
of  the  relative  amount  of  peptone  and  albumose  present.  Fluid 
from  the  control  tube  uniformly  fails  to  give  the  reaction,  though 
it  contains  the  native  albumins  of  the  serum,  whereas,  when  diges¬ 
tion  has  occurred,  an  intense  reaction  is  present. 

The  following  experiment  illustrates  the  character  of  the  diges¬ 
tion  which  occurs  in  different  media  and  the  method  of  recording 
the  changes. 

Experimvnt  IX. 


Exuded  Fibrin  was 
Allowed  to  Digest 
During  7  Days 
at  376  c. 

Fibrin. 

Biuret  Reaction. 

Character  of  Change 

RelativeAmount 
of  Solution. 

Character  of 
Reaction. 

Relative  Inten¬ 
sity  of  Reaction, 

With  I  %  acetic  acid. 

Swollen  and  gelatin¬ 
ous. 

? 

Negative. 

0 

With  0.5  %  acetic  acid. 

Dissolved  save  small 
amount  of  sed. 

++++ 

Deep  pink. 

++  +  + 

With  0.2  %  acetic  acid. 

Dissolved  save  very 
small  amount  of  sed. 

++++ 

Moderately 
deep  pink. 

+  +  +  + 

With  neutral  reaction. 

Slightly  eroded. 

-1- 

Trace  of  pink. 

+ 

With  0. 2  %  sod.  carb. 

Slightly  eroded. 

+ 

Pale  pink. 

+ 

With  0.5  sod.  carb. 

Slightly  eroded. 

Pale  pink. 

+ 

With  I  %  sod.  carb. 

Translucent  but  in- 

0 

Negative. 

0 

With  I  c.c.  blood  serum. 

tact. 

Unchanged. 

0 

Negative. 

0 

A  close  parallel  exists  between  the  degree  of  digestion  recogniz¬ 
able  by  naked  eye  examination  of  the  particle  of  fibrin  and  that  indi¬ 
cated  by  the  biuret  action  after  precipitation  of  coagulable  proteid 
by  trichloracetic  acid.  The  method  employed  serves  to  distinguish 
simple  solution  from  digestion.  It  is  well  known  that  fibrin  of  the 
blood  is  dissolved  by  certain  salts  and  by  acids ;  Fermi®  found  that 
0.5  hydrochloric  acid  dissolved  but  did  not  peptonize  fibrin.  The 
foregoing  experiment  shows  that  the  exuded  fibrin  contains  an 
enzyme  which  dissolves  fibrin  and  converts  it  into  peptone  in  the 
presence  of  weak  acetic  acid.  In  stronger  acetic  acid  (one  per 
cent.)  the  character  of  the  change  is  wholly  different;  the  fibrin 
being  swollen  and  broken  into  almost  transparent  particles  which 
nearly  fill  the  entire  volume  of  fluid,  it  is  impossible  to  determine 
how  much  solution  has  occurred.  That  acid  of  this  strength  is 
*  Zeit.  fur  Biol.,  1891,  xxxviii,  229. 
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unfavorable  for  the  action  of  the  enzyme  contained  in  the  exuded 
fibrin  is  shown  by  the  absence  of  reaction  for  peptone.  With 
weaker  acid,  favorable  to  the  action  of  the  enzyme,  absolute  parallel 
between  macroscopic  solution  and  peptone  reaction  cannot  be  ex¬ 
pected,  for  proteid  may  be  converted  by  continued  action  of  enzyme 
into  decomposition  products  which  do  not  give  a  biuret  reaction. 
The  following  table  shows  the  behavior  of  fibrin  removed  from  the 
chest  at  intervals  of  from  two  to  ten  days  after  injection  of  tur¬ 
pentine,  when  suspended  in  media  differing  in  reaction: 


TABEL  II. 


Experiment. 

No.  of  Days 
After 
Injection. 

With  3  per  cent.  Acetic 
Acid. 

With  Neutral  Reaction. 

With  3  per  cent.  Sodium 
Carbonate. 

Solution  of 
Fibrin. 

Biuret 

Reaction. 

Solution  of 
Fibrin. 

Biuret 

Reaction. 

Solution  of 
Fibrin. 

Biuret 

Reaction. 

A 

2 

++++ 

+  +  + 

++ 

+ 

+ 

+++ 

B 

2 

_| — 

+ 

++ 

C 

3 

++++ 

H — 1 — 1 — h 

+ 

+ 

+ 

+ 

D 

4 

++++ 

o 

++++ 

E 

5 

++++ 

++++ 

+ 

+ 

+(?) 

+(?) 

F 

6 

++++ 

+++ 

O 

O 

O 

O 

G 

6 

+++ 

H — h 

o 

O 

o 

o 

H 

6 

++++ 

o 

o 

o 

o 

I 

9 

++++ 

++++ 

H — \ — h 

+ 

o 

o 

J 

lO 

+++ 

+++ 

o 

o 

o 

o 

The  table  shows  that  digestion  is  much  less  active  in  a  neutral 
medium  than  in  acid  or  in  alkali.  During  the  first  four  or  five 
days  digestion  occurs  both  in  the  alkaline  and  in  the  acid  medium, 
but  at  the  end  of  five  days  the  power  to  digest  in  the  presence  of 
alkali  has  been  lost,  so  that  subsequently  little,  if  any,  digestion 
occurs,  save  in  the  presence  of  acid.  It  is  noteworthy  that  the 
ability  to  undergo  digestion  in  alkali  disappears  at  a  time  when  fluid 
has  undergone  almost  complete  absorption.  This  relation  is  not 
constant,  and  Experiment  G  is  an  exception,  the  pleural  cavity 
containing  sixty-eight  cubic  centimeters  of  fluid,  in  large  part 
encapsulated. 

Injection  of  Leucocytes  into  the  Inflamed  Pleural  Cavity. — In 
two  experiments  which  follow  the  ability  of  exuded  fibrin  to  un¬ 
dergo  self-digestion  in  the  presence  of  alkali  has  been  increased 
by  injecting  into  the  inflamed  chest  polynuclear  leucocytes  in  con¬ 
siderable  quantity. 
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Experiment  X. — Sterile  pus,  obtained  four  days  after  injection  of  turpentine 
into  the  subcutaneous  tissue  of  the  dog  has  been  injected  into  the  pleural  cavity 
two  days  after  the  onset  of  inflammation. 


Before  injection 

Absolute 

Dullness. 

0  cm. 

Relative 

Dullness. 

3.2  cm. 

I  C.C.  of  turpentine  injected  into  the 

After  I  day 

7.7  cm. 

12.5  cm. 

right  pleural  cavity. 

Animal  is  sick. 

After  2  days 

12.2  cm. 

13.9  cm. 

14  C.C.  pus  injected  into  the  right  pleural 

After  3  days 

16.2  cm. 

17.4  cm. 

cavity. 

Animal  is  sick. 

After  4  days 

13.2  cm. 

15.8  cm. 

Animal  is  sick. 

After  5  days 

1 1.6  cm. 

14.8  cm. 

Animal  is  sick. 

The  animal  has  been  killed  by  haemorrhage  under  ether.  The  right  pleural 
cavity  contains  175  c.c.  of  blood-stained  fluid.  Fibrin  is  present  in  large  quantity 
and  forms  a  layer  often  two  millimeters  in  thickness.  In  places,  this  fibrin  is 
grayish,  tough  and  firm,  but  elsewhere  it  has  a  yellowish-white  color,  and  is 
soft  and  ragged,  as  if  undergoing  disintegration. 

Fibrin  freed  from  serum  was  subjected  to  autolysis  under  the  conditions  pre¬ 


viously  described. 

Solution  of  Biuret 

Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  -j — [ — |-  -| — | — [- 

With  neutral  reaction  o  -j- 

With  0.2  per  cent,  sodium  carbonate  H — 1-  -1 — j — [- 

With  I  C.C.  blood  serum  0  .  o 


As  a  result  of  the  injection  of  fluid  containing  polynuclear  leuco¬ 
cytes  in  immense  number  fibrin,  removed  from  the  chest  five  days 
after  the  onset  of  inflammation,  digests  itself  almost  as  readily  in 
alkali  as  in  acid.  Comparison  with  Table  II  shows  that  power  to 
digest  in  alkali  has  been  augmented.  It  is,  however,  not  improb¬ 
able  that  the  pus  which  was  injected  two  days  after  the  onset  of 
pleurisy  contained  some  turpentine,  and,  therefore,  tended  to  pro¬ 
long  the  effect  of  the  turpentine  originally  brought  in  contact  with 
the  pleura.  To  avoid  this  possibility  leucocytes  from  a  purulent 
exudate  were  washed  before  injection. 

Experiment  XL — Cells  from  a  sterile,  purulent  exudate  obtained  by  subcu¬ 
taneous  injection  of  turpentine  were  separated  from  the  fluid  of  the  pus  and 
washed  by  centrifugalization  in  0.85  per  cent,  salt  solution;  after  removal  of  the 
supernatant  fluid,  the  cells  were  injected  into  the  inflamed  pleural  cavity,  three 
days  after  the  onset  of  pleurisy. 


Before  injection 

Absolute 

Dullness. 

0  cm. 

Relative 

Dullness. 

3-9  cm. 

I  c.c.  of  turpentine  was  injected  into  the 

After  1  day 

cm. 

8.2  cm. 

right  pleural  cavity. 

Animal  sick. 

After  2  days 

7.0  cm. 

8.6  cm. 

Animal  sick. 

After  3  days 

7.7  cm. 

9.2  cm. 

14  c.c.  washed  leucocytes  were  injected 

After  4  days 

0  cm. 

3  5  cm. 

into  the  pleural  cavity. 
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When  the  animal  was  killed  by  haemorrhage  under  ether,  the  right  pleural 
cavity  contained  45  c.c.  of  deep  red  serous  fluid.  Fibrin  formed  a  thick  layer 
which  was  soft,  yellowish-white  and  succulent.  It  is  not  improbable  that  a  part 
of  the  injected  turpentine  entered  the  substance  of  the  lung,  for  a  small  tear 
was  found  at  the  site  of  injection.  Autolysis  of  fibrin  occurred  as  follows: 


Solution  of  Biuret 

Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  -| — | — |-  -] — | — [- 

With  neutral  reaction  o 

With  0.2  per  cent,  sodium  carbonate  -j — 1 — f-  -j — j — (- 

With  I  c.c.  blood  serum  +  (?)  + 


It  is  noteworthy  that  the  injection  of  washed  leucocytes  was  fol¬ 
lowed  by  no  increase  of  fluid  indicated  by  percussion,  as  in  the  pre¬ 
ceding  experiment,  and  very  marked  diminution  of  dullness  was 
found  on  the  following  day.  The  relative  ability  of  fibrin  to  digest 
in  the  presence  of  alkali  is  greater  than  that  indicated  by  any  of  the 
experiments  recorded  in  Table  II.  Leucoprotease  is,  indeed,  so 
abundant  that  one  cubic  centimeter  of  blood  serum  has  failed  to 
inhibit  its  action.  Microscopical  examination  of  the  soft  fibrin 
which  is  apparently  undergoing  disintegration  shows  that  it  is  infil¬ 
trated  with  polynuclear  leucocytes  in  immense  number  and  suggests 
the  probability  that  these  are  in  large  part  leucocytes  which  have 
been  injected  into  the  cavity,  since  fibrin  at  a  corresponding  inter¬ 
val,  after  simple  injection  of  turpentine,  contains  relatively  few 
polynuclear  cells. 

Anti-Enzymotic  Action  of  the  Exuded  Fluid. — Since  two  stages 
of  enzymotic  activity  are  recognizable  during  the  course  of  the 
inflammatory  reaction,  one  requiring  the  presence  of  alkali,  and  the 
other  of  acid,  it  is  necessary  to  determine  if  conditions  present  in 
the  fluid  of  the  exudate  are  such  that  during  life  these  enzymes  are 
brought  into  action.  The  serum  of  the  blood  and  of  the  exudate 
furnish  the  necessary  alkalinity  for  that  enzyme  which  digests  in 
the  presence  of  alkali,  and  is  characteristic  of  the  polynuclear  leuco¬ 
cytes.  This  enzyme  is,  however,  inhibited  by  the  anti-enzymotic 
activity  of  the  exuded  serum.  At  no  time  during  the  course  of  the 
fibrinous  inflammation  caused  by  turpentine  is  this  anti-enzymotic 
action  of  the  fluid  surrounding  the  fibrin  lost,  and,  indeed,  only 
when  the  corresponding  enzyme  has  disappeared  from  the  fibrin 
has  absorption  of  fluid  removed  the  influence  of  the  anti-enzyme. 
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The  following  experiments  show  that  there  is  no  noteworthy 
diminution  of  the  anti-enzymotic  activity  of  the  exuded  fluid  when 
tested  with  leucoprotease,  the  enzyme  of  the  polynuclear  leucocytes. 
In  each  experiment  twenty  milligrams  of  dry  powder,  prepared 
from  polynuclear  leucocytes,  was  allowed  to  act  upon  heated  blood 
serum  during  five  days  at  37°  C.,  and  the  amount  of  digestion  was 
determined  by  the  Kjeldahl  method;^  the  ability  of  the  exuded  fluid 
to  inhibit  the  activity  of  the  enzyme  was  determined  by  comparing 
this  digestion  with  that  which  occurred  when  the  same  amount  of 
enzyme  acted  upon  the  same  amount  of  coagulated  proteid  in  the 
presence  of  a  half  cubic  centimeter  of  the  fluid  to  be  tested.  These 
determinations  have  been  made  with  the  assistance  of  Miss  Bertha 
I.  Barker.  By  “  age  of  the  exudate  ”  should  be  understood  the 
number  of  days  between  injection  of  turpentine  and  withdrawal  of 
fluid  from  the  chest  either  by  aspiration  or  after  death.  The  ap¬ 
proximate  degree  of  inhibition  has  been  estimated  by  subtracting 
the  figure  (in  cubic  centimeters  of  tV  N.  sulphuric  acid)  represent¬ 
ing  digestion  in  the  presence  of  serum  from  that  representing  unre¬ 
strained  digestion. 

TABLE  III. 


Experiment.  | 

Age  of  Exudate 
in  Days. 

Control. 

Digestion  with 
ao  mgr. 
Leucoprotease. 

1 

Dlg^estion  with 

20  mgr. 
Leucoprotease 
and  0.5  C.C.  Serum. 

Degree  of 
Inhibition. 

A 

I 

2.4  C.C. 

16.4  C.C. 

5-45  C.C. 

10.95  C.C. 

3 

2.4  C.C. 

16.4  C.C. 

6.1  C.C. 

10.3  C.C. 

B 

3 

2.1  C.C. 

18.9  C.C. 

8.85  C.C. 

10.05  C.C. 

C 

5 

2.0  C.C. 

18.85  C.C. 

7-05  C.C. 

1 1.8  C.C. 

The  following  experiment  is  scarcely  necessary  to  show  that 
fibrin  which  has  been  found  to  digest  only  in  the  presence  of  acid 
and  hence  contains  only  lymphoprotease  fails  to  undergo  autolysis 
in  the  presence  of  the  exuded  serum.  The  fibrin  and  serum  were 
obtained  from  a  dog  (Table  II.,  Experiment  E)  five  days  after 
injection  of  turpentine.  Table  II.  shows  that  this  fibrin  underwent 
almost  no  autolysis  in  the  presence  of  alkali.  The  volume  of  fluid 
was  brought  to  five  cubic  centimeters  by  addition  of  normal  salt 
solution. 

'Jour,  of  Ex  per.  Med.,  1906,  viii,  410. 
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Experiment  XII. 

Solution  of  Biuret 

Fibrin.  Reaction. 

With  0-5  c.c.  of  exudate  serum  o  0 

With  I  c.c.  of  exudate  serum  o  o 

With  2  c.c.  of  exudate  serum  o  o 


The  foregoing  study  shows  that  the  fluid  exuded  into  the  chest 
as  a  result  of  the  presence  of  turpentine  is  coagulable  during  the 
first  two  days  of  the  inflammatory  reaction  and  deposits  upon  the 
pleural  surfaces  a  layer  of  fibrin  containing  entangled  in  its  sub¬ 
stance  an  immense  number  of  leucocytes.  These  cells  undergo  dis¬ 
integration  and  set  free  an  enzyme  which  is  capable,  in  the  presence 
of  an  alkalinity  equal  to  that  of  the  serum,  of  dissolving  fibrin  and 
other  proteid.  The  serum  of  the  exudate  contains  an  anti-enzyme 
which  in  part  holds  in  check  this  enzyme  and  is  doubtless  efficient 
in  limiting  its  action,  thus  perhaps  protecting  injured  tissues  from 
destruction.  It  is  difficult  to  prove  that  these  enzymes  are  capable 
of  attacking  and  destroying  living  tissue,  but  no  facts  that  are 
known  exclude  this  possibility.  Where  polynuclear  leucocytes  are 
massed  together  in  the  meshes  of  the  compact  fibrinous  network 
which  forms  the  layer  overlying  the  lung,  enzyme  is,  perhaps,  unre¬ 
strained  by  anti-body,  and  partial  digestion  of  fibrin  results.  That 
such  digestion  actually  occurs  is  indicated  by  the  appearance  of 
peptone  which,  absent  at  the  beginning  of  the  process,  is  present  in 
greatest  quantity  when,  after  three  days,  the  inflammatory  reaction 
has  reached  a  maximum. 

The  Occurrence  of  Products  of  Proteolytic  Digestion  in  the 
Exuded  Fluid. — Products  of  proteolysis  have  been  found  in  fluid 
withdrawn  at  intervals  after  injection  of  turpentine.  By  precipi¬ 
tating  the  albumin  and  globulin  contained  the  exuded  serum  with 
trichloracetic  acid  as  recommended  by  Starling,  no  biuret  reaction 
is  obtained  with  the  filtrate  at  the  end  of  the  first  day.  At  the  end 
of  the  second  day  no  reaction,  or  only  a  trace  of  reaction  occurs, 
but  at  the  end  of  the  third  day,  when  the  quantity  of  fluid  in  the 
chest  is  greatest,  a  well  marked  reaction  is  usually  obtained.  At 
the  end  of  four  and  of  five  days  a  reaction  is  usually  obtainable, 
but  it  is  less  intense  than  after  three  days.  The  following  table 
shows  the  result  of  tests  made  at  various  intervals  after  injection 
of  turpentine: 
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TABLE  IV. 

Reaction  for  Peptone  and  Albumoses. 


Experiment. 

I  Day. 

3  Days. 

3  Days. 

4  Days. 

s  Days. 

A 

0 

T 

+  + 

+ 

B 

0 

C 

0 

++-1- 

+ 

D 

0 

E 

0 

(?) 

0 

0 

F 

+ 

The  absence  of  reaction  for  peptone  is  indicated  by  zero  (o).  The  occurrence 
of  a  biuret  reaction  after  coagulation  of  proteids  other  than  peptone  is  indicated 
by  the  signs  of  addition,  the  intensity  of  the  reaction  in  a  given  experiment  being 
indicated  by  from  one  to  three  such  signs.  A  trace  of  peptone  causing  a  scarcely 
perceptible  biuret  reaction  is  indicated  by  (T). 

Since  peptone  is  absorbed  with  much  rapidity  from  the  chest,  the 
presence  of  a  well  marked  reaction  at  the  end  of  three  days  indicates 
that  formation  of  proteolytic  digestion  products  has  reached  a  maxi¬ 
mum  and  now  exceeds  their  absorption. 

The  following  experiment  was  undertaken  with  the  pur¬ 
pose  of  determining  what  influence  products  of  digestion  by  leuco- 
protease  exert  upon  the  progress  of  inflammation  caused  by  turpen¬ 
tine.  It  shows  with  what  rapidity  such  products  are  absorbed  from 
the  inflamed  chest. 


Experiment  XIII. — Products  of  digestion  were  obtained  by  allowing  50  mgr. 
of  leucoprotease,  with  addition  of  toluol,  to  act  during  four  weeks  at  37°  C. 
upon  25  C.C.  of  a  mixture  of  dog’s  blood  serum  and  normal  salt  solution,  pre¬ 
viously  heated  to  75°  C. ;  10  c.c.  of  this  fluid  sterilized  and  freed  from  toluol 
by  heating  to  65°  C.  during  one  hour  were  twice  injected  into  the  right  pleural 
cavity.  This  fluid  diluted  i  :io  (i.  e.,  a  dilution  probably  greater  than  that  pro¬ 
duced  by  the  fluid  in  the  chest)  gave  an  intense  reaction  for  peptone. 


Before  injection 
After  I  day 


After  2  days 


After  3  days 
After  4  days 
After  7  days 


Absolute 

Dullness. 

2.3  cm.  I  C.C.  turpentine  injected  into  the  right  pleural 

cavity. 

4.0  cm.  10  C.C.  fluid  containing  digestion  products  in¬ 
jected. 

One  half  hour  later  fluid  withdrawn  gave  well 
marked  reaction  for  peptone. 

7.8  cm.  Only  faint  reaction  for  peptone  obtained. 

10  c.c.  fluid  with  digestion  products  again  in¬ 
jected. 

1 1.4  cm.  No  reaction  for  peptone. 

7.5  cm.  Very  faint  reaction  for  peptone. 

7.3  cm.  No  reaction  for  peptone. 


After  the  animal  had  been  killed,  the  pleural  cavity  was  found  to  contain 
25  c.c.  of  reddish  serous  fluid,  together  with  an  unusually  large  quantity  of  fibrin. 
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Alkalinity  of  the  Iniianimatory  Exudate. — Since  an  alkaline  reac¬ 
tion  is  essential  for  the  action  of  one  enzyme  of  the  exudate,  and 
an  acid  reaction  for  the  other,  the  reaction  of  the  pleural  exudate 
has  been  studied.  At  no  time  does  the  alkalinity  of  the  exuded  fluid 
disappear,  but  throughout  the  course  of  the  inflammation  it  is  less 
than  that  of  the  blood  serum.  The  alkalinity  of  the  exudate  was 
tested  by  the  method  proposed  by  Engel®  and  modified  by  Gamble.® 
One  cubic  centimeter  of  the  exudate  to  be  tested  was  withdrawn 
with  antiseptic  precautions  from  the  chest  during  life,  or  was  ob¬ 
tained  at  autopsy  immediately  after  death.  The  exudate  was 
diluted  with  one  hundred  times  its  volume  of  distilled  water  and 
neutralized  with  N.  sulphuric  acid,  lacmoid  paper  being  used 
as  indicator.  Acid  was  added  until  a  distinctly  acid  reaction  was 
obtained,  and  since  acid  inadvertently  added  in  excess  cannot  be 
accurately  neutralized,  duplicate  determinations  were  made.  With 
the  first  specimens  alkalinity  was  determined  with  a  fair  degree  of 
accuracy,  though  usually  a  slight  excess  of  acid  was  added.  In 
testing  the  second  specimen,  it  was  possible  to  use  great  care  in 
adding  acid  when  the  quantity  indicated  by  the  first  test  was  ap¬ 
proached.  Hence  the  second  determination,  which  has  been  the 
smaller,  is  the  more  accurate,  and  is  given  in  the  following  table, 
which  shows  the  alkalinity  of  the  exudate  determined  from  two  to 
five  days  after  injection  of  turpentine.  The  alkalinity  of  the  blood, 
which  was  in  a  number  of  instances  tested  simultaneously,  varied 
for  one  cubic  centimeter  from  9.3  to  1 1  c.c.  tvt  N.  acid. 

TABLE  V. 


Alkalinity  of  Exudate  in  Cubic  Centimeters  of  i-ioo  N.  Sulphuric  Acid. 


Experiment. 

I  Day. 

2  Days. 

3  Days. 

4  Days. 

5  Days. 

A 

_ 

5-4 

_ 

4-95 

_ 

B 

— 

— 

5-5 

— 

— 

C 

— 

— 

— 

— 

4.2 

At  the  end  of  three  days  after  the  onset  of  inflammation,  poly¬ 
nuclear  leucocytes  cease  to  migrate  from  the  blood  vessels  into  the 
pleura,  and  those  which  are  enmeshed  in  the  fibrin  undergo  necrosis 

*  Berl.  klin.  Woch.  1898,  xxxv,  308. 

*  Jour,  of  Path,  and  Bact.,  1906,  xi,  124. 
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and  disappear.  At  the  end  of  five  or  six  days,  fibrin  no  longer 
contains  that  enzyme  which  is  peculiar  to  the  polynuclear  leuco¬ 
cytes  ;  fibrin,  therefore,  fails  to  disintegrate  in  the  presence  of  weak 
alkali,  but  readily  dissolves  in  acid.  Though  partial  solution  of 
fibrin  doubtless  referable  to  the  enzyme  of  the  polynuclear  leuco¬ 
cytes,  has  occurred  within  the  chest  during  the  first  five  days,  reso¬ 
lution  is  not  complete,  and  at  the  end  of  the  first  week  of  inflamma¬ 
tion  a  thin  layer  of  fibrin  still  covers  the  pleural  surface  of  the  peri¬ 
cardium  and  anterior  surface  of  the  lung  near  the  median  line,  and 
in  less  quantity  is  present  between  the  base  of  the  lung  and  the 
diaphragm. 

Effect  of  Carbon-Dioxide  on  the  Enzyme  Present  in  Exuded 
Fibrin. — Evidence  which  has  already  been  discussed  shows  that  the 
fibrin  which  remains  unresolved  by  leucoprotease  contains  an  en¬ 
zyme  which  acts  only  in  the  presence  of  weak  acid;  nevertheless 
fluid  in  the  chest,  which  is  much  less  alkaline  than  the  blood  and 
diminishes  slightly  in  alkalinity  with  the  progress  of  inflammation, 
at  no  time  approaches  a  neutral  or  acid  reaction.  At  a  later  period, 
when  fluid  has  disappeared  from  the  chest,  fibrin  is  still  moistened 
by  lymph  which  has  an  alkaline  reaction,  and  though  the  fibrin  con¬ 
tains  a  proteolytic  enzyme  capable  of  digesting  in  an  acid  medium, 
conditions  favorable  for  the  action  of  such  an  enzyme  are  at  first 
sight  wholly  wanting.  Nevertheless,  the  possibility  has  suggested 
itself  that  carbon-dioxide  may  play  the  part  of  an  acid,  and  in  the 
body  afford  conditions  favorable  to  the  slow  solution  of  fibrin. 

The  following  experiments  have  shown  that  carbon-dioxide  may 
replace  the  acetic  acid  previously  used  to  bring  in  action  the  enzyme 
which  alone  is  present  during  the  second  stage  of  the  inflammatory 
reaction  caused  by  turpentine. 

Experiment  XIV. — Fibrin  was  obtained  from  an  animal  which  had  received 
two  days  before  one  cubic  centimeter  of  turpentine  into  the  pleural  cavity.  This 
fibrin  underwent  auto-digestion  in  the  presence  both  of  acid  and  of  alkali,  but 
was  only  slightly  altered  when  suspended  in  physiological  salt  solution.  Par¬ 
ticles  of  fibrin  were  suspended  in  normal  salt  solution  and  through  the  fluid 
carbon-dioxide  was  passed  during  one  half  hour.  The  test-tube  containing  the 
fluid  was  still  filled  with  carbon-dioxide  when  tightly  closed  with  a  rubber 
stopper  after  addition  of  a  few  (five)  drops  of  toluol.  The  volume  of  fluid 
in  each  tube  was  five  cubic  centimeters,  normal  salt  solution  being  added  to 
make  this  volume. 
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Digestion  Biuret, 
of  Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  (s  days  at  37°  C.)  H — 1 — 1 — [- 

With  salt  solution  alone  (5  days  at  37°  C.)  + 

With  0.2  per  cent,  sodium  carbonate  (5  days  at  37°  C.)  H — j — j- 

With  I  C.C.  blood  serum  (5  days  at  37°  C.)  o 

With  salt  solution  alone  (2  days  at  37°  C.)  o  + 

With  salt  solution  and  carbon-dioxide  (2  days  at  37°  C.)  -j-  -1 — [- 

With  salt  solution  alone  (4  days  at  37°  C.)  -f 

With  salt  solution  and  carbon-dioxide  (4  days  at  37°  C.)  -] — j — h 

In  the  following  experiment  fibrin  which  digested  only  in  the 
presence  of  acid  was  used.  The  experiment  repeats  and  confirms 
Experiment  XIV  and  demonstrates,  moreover,  that  carbon-dioxide 
brings  this  enzyme  into  action,  even  though  blood  serum  (one  cubic 
centimeter)  is  present. 

Experiment  XV— The  fibrin  employed  was  obtained  from  the  pleural  cavity 
of  a  dog,  nine  days  after  the  injection  of  turpentine.  Digestion  occurred  during 


seven  days  at  37°  C. 

Digestion  of  Biuret 

Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  +  +  +  +  +  +  +  + 

With  0.2  per  cent,  sodium  carbonate  o  o 

With  normal  salt  solution  -f-  o 

With  salt  solution  and  carbon-dioxide  +  +  +  +  + 

With  salt  solution  and  i  c.c.  blood  serum  o  o 

With  salt  solution,  i  c.c.  blood  senim  and  carbon-dioxide  -j-  -f-  +  +  +  + 


The  following  experiment  confirms  those  which  have  just  been 
described,  and  again  shows  that  in  the  presence  of  a  small  quantity 
of  blood  serum  (half  of  a  cubic  centimeter)  active  proteolysis  oc¬ 
curs  when  fibrin  which  digests  only  with  acid  is  exposed  to  the 
action  of  carbon-dioxide. 

Experiment  XVI. — Fibrin  was  obtained  from  the  pleural  cavity  of  a  dog  ten 


days  after  the  injection  of  turpentine. 

Digestion  Biuret 
of  Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  (5  days  at  37®  C.)  -f -f-f-  4'  -f  +  -f 

With  0.2  per  cent,  sodium  carbonate  (s  days  at  37®  C.)  o  o 

With  salt  solution  (s  days  at  37®  C.)  00 

With  I  C.C.  blood  serum  (5  days  at  37®  C.)  o  o 

With  0.5  c.c.  blood  serum  (2  days  at  37®  C.)  00 

With  0.5  c.c.  blood  serum  and  carbon-dioxide (2  days  at  37®  C.)  -f- -1- 

With  0.5  c.c.  blood  serum  (6  days  at  37®  C.)  -p-f-  o 

With  0.5  c.c.  blood  serum  and  carbon-dioxide  (6  days  at  37®  C.)  -1-  +  + 
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The  foregoing  experiments,  which  show  that  carbon-dioxide  can 
bring  into  action  the  enzyme  remaining  in  a  fibrinous  exudate  after 
disappearance  of  leucoprotease,  suggest  that  carbon-dioxide  may 
favor  resolution  of  fibrin  remaining  in  the  pleural  cavity  during  the 
latter  stage  of  pleurisy  caused  by  turpentine  and  doubtless  by  other 
agencies.  Some  plausibility  is  given  to  this  hypothesis  by  the  obser¬ 
vations  of  Ewald,^®  who  found  that  the  carbon-dioxide  tension  of 
an  exudate  increases  with  its  age.  He  studied  the  pleural  exudate 
from  fourteen  cases  of  pleurisy  and  found  that  the  total  volume  of 
carbon-dioxide  which  could  be  withdrawn  from  the  exudate  with 
Pfluger’s  pump  after  the  addition  of  acid  varied  from  29.54  to 
63.84  per  cent.,  the  higher  figure  being  obtained  when  the  exudate 
had  been  present  in  the  chest  during  a  considerable  length  of  time. 
In  purulent  fluid  which  had  collected  quickly  and  contained  leuco¬ 
cytes  in  great  abundance,  carbon-dioxide  was  present  in  much 
smaller  quantity,  whereas  the  smallest  figures  (7.92  and  8.05  per 
cent.)  were  obtained  with  pus  from  abscesses. 

CONCLUSIONS. 

Fibrinous  pleurisy  produced  by  a  sterile  inflammatory  irritant 
offers  opportunity  for  study  of  the  part  taken  by  enzymes  of  leuco¬ 
cytes  in  the  resolution  of  a  fibrinous  exudate.  When  turpentine 
is  injected  into  the  subcutaneous  tissue  of  the  dog,  an  abscess 
Jresults,  but  when  an  equal  quantity  of  turpentine  is  injected  into 
the  pleural  cavity,  there  is  abundant  exudation  of  coagulable  fluid 
and  the  serous  surfaces  are  covered  by  a  layer  of  fibrin.  Accumu¬ 
lation  of  fluid  which  can  be  followed  during  life  by  percussion  of 
the  animal’s  chest  reaches  a  maximum  at  the  end  of  three  days,  and 
then  gradually  subsides,  so  that  at  the  end  of  six  days,  in  most 
instances,  the  cavity  contains  no  fluid.  Fibrin,  though  diminished 
in  amount  at  the  time  when  fluid  has  been  absorbed,  is  still  present, 
and  gradually  disappears;  at  the  end  of  two  or  three  weeks  the 
cavity  has  returned  to  the  normal,  save  for  a  few  organized  ad¬ 
hesions. 

Turpentine  injected  into  the  right  pleural  cavity  may  cause  sero¬ 
fibrinous  pleurisy  on  the  left  side;  this  inflammation  may  reach  a 
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maximum  intensity  at  a  time  when  pleurisy  on  the  right  side  is 
subsiding. 

During  the  early  stage  of  inflammation  fibrinous  exudate,  freed 
from  the  serum  by  washing  in  salt  solution,  undergoes  digestion 
when  suspended  in  an  alkaline  (0.2  per  cent,  sodium  carbonate) 
or  in  an  acid  medium  (0.2  per  cent,  acetic  acid).  At  the  end  of 
five  days,  at  a  time  when  fluid  is  disappearing  from  the  pleural 
cavity,  digestion  fails  to  occur  in  an  alkaline  medium,  but  occurs 
with  much  activity  in  the  presence  of  acid. 

During  the  first  stage  of  the  inflammatory  reaction,  when  fluid 
is  abundant  and  the  fibrin  which  is  present  digests  in  alkali,  thus 
indicating  the  presence  of  leucoprotease,  polynuclear  leucocytes  are 
very  numerous  in  the  meshes  of  the  fibrin.  In  the  second  stage, 
the  exuded  fibrin  contains  only  one  enzyme  digesting  in  the  presence 
of  acid.  At  this  time  polynuclear  leucocytes  have  disappeared  and 
only  mononuclear  cells  are  embedded  in  the  fibrin. 

Products  of  proteolytic  digestion,  namely,  peptone  and  albumose, 
absent  in  the  exuded  fluid  during  the  first  day  or  two  days  of  inflam¬ 
mation,  are  present  after  three  days  and  are  found  in  less  quantity 
at  a  later  period. 

The  exuded  fluid  does  not  at  any  stage  of  the  inflammatory 
reaction  lose  it  spower  to  inhibit  both  enzymes  contained  in  the 
leucocytes. 

The  exudate  remains  alkaline  throughout  the  period  of  inflam¬ 
mation,  but  its  alkalinity  is  less  than  that  of  the  blood  and  dimin¬ 
ishes  slightly  with  the  progress  of  inflammation. 

Since  the  acids,  which  in  vitro  favor  the  action  of  the  enzyme, 
present  alone  during  the  second  stage  of  the  inflammatory  reaction, 
do  not  occur  in  the  body,  the  possibility  has  suggested  itself  that 
carbon-dioxide  brings  this  enzyme  into  action.  If  carbon-dioxide 
is  passed  through  normal  salt  solution  in  which  strips  of  such  fibrin 
are  suspended,  digestion  is  greatly  hastened.  The  normal  inhibition 
exerted  by  blood  serum  upon  the  enzyme  is  overcome  by  carbon- 
dioxide  and  in  the  presence  of  a  small  quantity  of  blood  serum, 
carbon-dioxide  causes  greater  enzymotic  activity  than  in  the  pres¬ 
ence  of  salt  solution  alone. 


THE  TRANSFORMATION  OF  SERO-FIBRINOUS  INTO 
PURULENT  PLEURISY. 

By  EUGENE  L.  OPIE. 

(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

The  preceding  study  has  shown  that  turpentine  (one  cubic  centi¬ 
meter)  injected  into  the  pleural  cavity  of  the  dog  causes  rapid 
exudation  of  a  large  quantity  of  coagulable  fluid.  Fibrin  contain¬ 
ing  a  considerable  proportion  of  the  leucocytes  which  migrate  from 
the  blood  vessels  as  a  result  of  the  chemiotactic  action  of  the  irritant 
is  deposited  upon  pleural  surfaces  and  the  serous  fluid  about  this 
fibrin  contains  only  a  small  number  of  leucocytes.  In  the  fluid  is 
an  antienzyme  which  holds  in  check  the  enzyme  contained  in  the 
polynuclear  leucocytes,  so  that  resolution  of  fibrin  proceeds  slowly, 
and  at  no  time  does  the  exudate  assume  the  appearance  of  pus.  The 
pleural  surfaces  undergo  no  permanent  alteration,  and  at  the  end 
of  about  two  weeks,  the  pleural  cavity  has  in  most  instances  become 
normal,  save  for  a  few  organized  adhesions. 

When  the  same  quantity  of  the  inflammatory  irritant  is  injected 
into  the  subcutaneous  tissue,  it  is  not  diluted  by  a  large  quantity 
of  fluid.  A  considerable  volume  of  fluid,  perhaps  with  the  aid  of 
the  negative  pressure  within  the  thorax,  readily  collects  in  the 
relatively  spacious  pleural  cavity,  whereas  accumulation  of  fluid 
in  the  subcutaneous  tissue  is  checked  by  the  increase  of  tension 
which  occurs  when  the  tissue  is  infiltrated  with  fluid  and  leucocytes. 
Examination  of  this  pus  has  shown^  that  leucoprotease  of  the  poly¬ 
nuclear  leucocytes  so  far  exceeds  anti-body  contained  in  the  serum 
of  the  pus  that  the  entire  exudate  undergoes  autolysis  when  placed 
under  suitable  conditions. 

If  the  essential  difference  between  the  suppurative  inflammation 
of  the  subcutaneous  tissue  with  solution  of  tissue,  on  the  one  hand, 
and  the  sero-fibrinous  pleurisy,  with  which  for  a  considerable 
time  fibrin  remains  undissolved,  on  the  other  hand,  is  the  relative 
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proportion  of  enzyme  and  antibody,  it  is  probable  that  sero¬ 
fibrinous  pleurisy  may  be  converted  into  empyaema  either  by  increas¬ 
ing  the  quantity  of-  enzymes  or  decreasing  the  quantity  of  anti¬ 
enzyme.  The  following  experiments  indicate  though  they  do  not 
conclusively  demonstrate  that  a  sero-fibrinous  may  be  converted 
into  a  purulent  pleurisy  by  either  of  the  methods  which  have  been 
mentioned;  nevertheless  they  exhibit  very  clearly,  I  believe,  the 
mechanism  by  which  the  transition  occurs. 

If  from  one  half  to  two  cubic  centimeters  of  turpentine  are  in¬ 
jected  into  the  pleural  cavity,  turpentine  is  recognizable  by  its  odor 
in  the  pleural  exudate  until  the  end  of  about  three  days,  at  a  time 
when  accumulation  of  inflammatory  products  has  reached  a  maxi¬ 
mum.  By  subsequent  injections  of  the  same  irritant,  there  is  con¬ 
tinued  exudation  of  fluid  and  emigration  of  leucocytes.  A  second 
injection  of  turpentine,  three  days  after  the  first,  increases  the 
quantity  of  exuded  fluid  and  prevents  the  disappearance  of  leucopro- 
tease  from  the  fibrin. 

Experiment  XVII. — One  cubic  centimeter  of  turpentine  was  injected  into  the 
right  pleural  cavity  of  a  dog,  and  three  days  later  the  same  quantity  was  again 
inj  ected. 

Absolute  Dullness. 

Before  injection  1.2  cm.  i  c.c.  turpentine  injected. 

After  I  day  2.9  cm. 

After  2  days  5.5  cm. 

After  3  days  7.0  cm.  Animal  sick;  i  c.c.  turpentine  again  injected. 

After  4  days  14.8  cm.  Animal  very  sick;  dyspnoea. 

After  s  days  Animal  found  dead. 

The  right  pleural  cavity  contains  165  c.c.  deep  red  serous  fluid.  Loosely 
attached  to  the  surface  of  the  lung  and  to  the  diaphragm  is  a  layer  of  soft 
yellowish-white  fibrin  measuring  3  or  4  mm.  in  thickness.  At  the  upper  part  of 
the  sternum  is  a  walled-off  cavity  containing  5  c.c.  of  purulent  fluid.  The  left 
pleural  cavity  is  normal. 

The  ability  of  the  fibrin  present  to  undergo  autolysis  after  incubation  during 
seven  days  in  various  media  is  indicated  by  the  following  table. 

Solution  of  Fibrin.  Biuret  Reaction. 

With  0.2  per  cent,  acetic  acid  -4-  H — | — h 

With  neutral  reaction  -|-  -i- 

With  0.2  per  cent,  sodium  carbonate  -j — | — | — [-  -|--t--|-  + 

With  I  c.c.  serum  of  exudate  -f-  -|- 

’  Biuret  reaction  was  tested  with  filtrate  obtained  after  precipitation  of  coag- 
ulable  proteid  by  trichloracetic  acid  (see  description  of  methods  in  preceding 
article). 
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It  is  noteworthy  that  power  to  digest  in  an  alkaline  medium  indi¬ 
cating  the  presence  of  leucoprotease  is  far  greater  than  that  ob¬ 
served  in  any  of  the  experiments  recorded  in  Table  II  of  the  pre¬ 
ceding  article.  Furthermore,  one  cubic  centimeter  of  the  exuded 
serum  fails  to  inhibit  autolysis. 

In  the  following  experiment  two  injections  of  turpentine  have 
produced  a  typically  purulent  exudate  at  the  end  of  seven  days 
after  the  first  injection. 


Experiment  XVIII. — The  animal  received  0.5  c.c.  turpentine  in  the  right 
pleural  cavity  and  three  days  later  an  equal  quantity. 


Absoiute  Dullness. 


Before  injection 

0 

cm. 

After  I  day 

4-3 

cm. 

After  2  days 

5.8 

cm. 

After  3  days 

7.6 

cm. 

After  4  days 

7.6 

cm. 

After  5  days 

95 

cm. 

After  7  days 

10.7 

cm. 

0.5  C.C.  turpentine  injected. 

Animal  sick. 

Animal  inert. 

Animal  apparently  well;  0.5  c.c.  turpentine  in¬ 
jected  over  base  of  right  lung. 

Animal  very  sick ;  dyspnoea ;  area  of  dullness 
about  site  of  injection  at  base  of  right  lung. 

As  before;  very  marked  dyspnoea. 

As  before;  killed  by  haemorrhage  under  ether. 


The  right  pleural  cavity  contained  245  c.c.  of  fairly  thick  opaque  white  puru¬ 
lent  fluid.  After  centrifugalization,  cells  are  found  to  represent  35  per  cent, 
of  the  volume.  Within  the  cavity  is  a  voluminous  mass  of  ragged,  often  semi¬ 
solid,  yellowish-white  fibrin  which  is  evidently  in  process  of  disintegration.  The 
surface  of  the  lung  is  opaque  and  greenish-white  in  color. 

The  serum  obtained  by  centrifugalization  of  the  pleural  exudate  gives  a  well- 
marked  reaction  for  peptone  after  coagulation  with  trichloracetic  acid.  Agar- 
agar  inoculated  with  pleural  exudate  remains  sterile. 

Digestion  of  the  disintegrating  fibrin  is  indicated  as  follows: 


With  0.2  per  cent,  acetic  acid 

With  neutral  reaction 

With  0.2  per  cent,  sodium  carbonate 

With  0.5  C.C.  serum  of  exudate 
With  I  C.C.  serum  of  exudate 
With  2  C.C.  serum  of  exudate 
With  undiluted  serum  of  exudate 


Solution  of  Fibrin. 

+  + 

-f-  -f  -f 

+  +  +  + 

+  -h  4- 

+  + 

H — I — I — t- 

+  +  +  + 


Biuret  Reaction. 

+  +  + 

+  4-  -h  -h 
+  4-  4"  4- 

+  +  + 

4-  4- 

+  4-4-4- 

+  +  +  + 


The  serum  of  the  exudate  increases  rather  than  diminishes  the 
power  of  the  disintegrating  fibrin  to  undergo  digestion. 

In  the  following  experiment,  three  injections  of  turpentine  have 
caused  an  intense  purulent  inflammation. 

Experiment  XIX. — A  primary  injection  of  2  c.c.  turpentine  was  followed  by 
two  injections  of  0.5  c.c.  after  three  and  four  days  respectively. 


Eugene  L.  Opie. 


417 


Before  injection 

Absolute 

Dullness. 

0  cm. 

Relative 

Dullness. 

2  cm. 

After  I  day 

2.9  cm. 

S  cm. 

After  2  days 

4-5  cm. 

6  cm. 

After  3  days 

4.4  cm. 

5-4  cm. 

After  4  days 

2.7  cm. 

3.8  cm. 

After  6  days 

12.4  cm. 

2  c.c.  turpentine  injected  into  right  pleural 
cavity. 

Sick. 

Sick. 

Apparently  well ;  0.5  c.c.turpentine  inj  ected. 
Apparently  well ;  0.5  c.c.turpentine  injected. 
Sick;  marked  dyspnoea. 


When  the  animal  was  killed  at  the  end  of  six  days,  the  pleural  cavity  was 
found  to  contain  181  c.c.  of  opaque  creamy-white  pus  (sterile),  which  after 
standing  became  viscid  and  on  centrifugalization  failed  to  separate  into  a  cel¬ 
lular  and  non-cellular  layer.  This  accumulation  of  pus  was  approximately  lim¬ 
ited  to  the  anterior  two  thirds  of  the  pleural  cavity,  the  surface  of  the  abscess 
cavity  being  covered  in  large  part  by  a  layer  of  yellowish-white  succulent  fibrin. 
Occupying  the  remainder  of  the  cavity  and  situated  over  the  dorsal  part  of  the 
lung  and  between  lung  and  diaphragm  was  a  mass  of  loose  fibrin  containing  in 
considerable  quantity  encapsulated  serous  fluid. 

The  enzyme  content  of  (o)  the  fibrin  in  contact  with  the  purulent  exudate 
and  (fc)  the  oedematous  fibrin  at  the  base  of  the  lung  were  tested  separately. 


(o)  Fibrin  in  contact  with  purulent  exudate. 


Solution  of  Fibrin. 

Biuret  Reaction. 

With  0.2  per  cent,  acetic  acid 

With  neutral  reaction 

With  0.2  per  cent,  sodium  carbonate 

H — h 

+  +  +  + 

+  + 

&  +  + 

'+  +  + 

+  +  +  + 

(b)  (Edematous  dbrin  at  base  of  lung. 

Solution  of  Fibrin. 

Biuret  Reaction. 

With  0.2  per  cent,  acetic  acid 

With  neutral  reaction 

With  0.2  per  cent,  sodium  carbonate 

+  +  + 

-1 — 1 — h 

0 

'+■  +  +  + 
+  +  + 

+ 

The  absence  of  very  marked  increase  of  absolute  dullness,  al¬ 
though  a  large  quantity  of  fluid  has  been  present  within  the  pleural 
cavity,  is  perhaps  explained  by  the  fact  that  fibrinous  adhesions 
have  held  the  lung  in  contact  with  the  chest  wall ;  at  the  end  of  six 
days,  there  has  been,  however,  impairment  of  resonance  over  a 
considerable  part  of  the  chest  wall.  These  facts  make  it  probable 
that  the  second  and  third  injections  have  been  confined  to  that 
part  of  the  cavity  which  has  been  found  at  autopsy  to  be  the  site 
of  purulent  exudate.  The  succulent  yellowish-white  fibrin  in  this 
part  of  the  cavity  has  undergone  digestion  with  much  greater 
activity  in  an  alkaline  than  in  an  acid  medium,  whereas  the  fibrin 
which  contains  serous  fluid  more  closely  resembles  that  which  is 
present  at  a  corresponding  time  after  a  single  injection  of  turpen- 
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tine,  that  is,  when  resolution  is  in  progress;  the  latter  autolyses 
with  much  greater  activity  in  the  presence  of  acid  than  of  alkali. 

In  the  preceding  article,  it  has  been  shown  that  a  single  injection 
of  from  one  half  to  two  cubic  centimeters  of  turpentine  is  followed 
by  a  sero-fibrinous  pleurisy  which  almost  constantly  undergoes 
complete  recovery  with  restoration  of  the  pleural  cavity  to  normal. 
In  no  instance  among  thirteen  experiments  in  which  examination 
has  been  made  from  three  to  seven  days  after  injection,  and  among 
four  experiments  of  longer  duration,  has  generalized  suppuration 
occurred  within  the  pleural  cavity  as  the  result  of  a  single  injection 
of  turpentine,  though  in  two  instances  small  macroscopic  collections 
of  leucocytes  have  been  found  below  the  pulmonary  or  parietal 
pleura.  Since  these  two  experiments  show  that  foci  of  suppuration 
occur  though  rarely  under  the  conditions  which  have  been  men¬ 
tioned,  their  description  will  precede  that  of  similar  lesions  which 
were  found  far  more  commonly  after  the  removal  of  fluid. 

Experiment  XX. 

Absolute  Dullness. 

Before  injection  o  cm.  i  c.c.  turpentine  into  right  pleural  cavity. 

After  I  day  3.7  cm.  Sick. 

After  2  days  5.4  cm.  Sick. 

After  3  days  5.9  cm.  Apparently  wrell;  killed. 

The  right  pleural  cavity  contained  22  c.c.  deep  red  serous  fluid  (sterile). 
Over  the  ventro-external  surface  of  the  right  lung  was  a  layer  of  white  succulent 
fibrin,  i  to  1.5  mm.  in  thickness.  Upon  the  surface  of  the  lung  within  the  fibrin 
were  two  slightly  raised  opaque  yellow  nodules  about  3  mm.  across.  Micro¬ 
scopical  examination  shows  a  central  mass  of  polynuclear  leucocytes  in  various 
stages  of  degeneration  with  nuclear  fragmentation  and  necrosis.  In  a  peripheral 
zone,  mononuclear  cells  with  fairly  abundant  protoplasm  and  round  deeply 
staining  nuclei  are  numerous. 

Experiment  XXI. 

Absolute  Dullness. 

Before  injection  0  cm.  i  c.c.  turpentine  into  right  pleural  cavity. 

After  I  day  3.6  cm.  Inert. 

After  2  days  4.7  cm.  Sick. 

After  3  days  5.5  cm.  Inert. 

After  4  days  4.8  cm.  Apparently  well. 

After  5  days  o  cm.  Relative  dullness  still  present  over  considerable 

area. 

The  right  pleural  cavity  contained  43  c.c.  deep  red  serous  fluid.  Over  the 
ventro-external  surface  of  the  lung  was  a  layer  of  firm  gray-white  fibrin,  0.5  to 
I  mm.  in  thickness.  Between  two  lobes  was  a  very  small  (about  2  mm.  across) 
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collection  of  creamy  white  fluid,  and  upon  the  parietal  pleura,  near  the  apex  of 
the  lung,  was  a  low  elevation  (about  7  mm.  across).  Microscopical  examina¬ 
tion  of  the  latter  shows  a  sharply  localized  cavity  filled  with  polynuclear  leuco¬ 
cytes,  many  of  which  have  undergone  degeneration;  a  smaller  number  of  large 
and  small  mononuclear  cells  are  present. 

When,  on  the  contrary,  fluid  is  removed  by  aspiration  at  the 
height  of  exudation,  localized  pleural  abscess  not  infrequently  re¬ 
sults.  At  this  time,  the  cavity  contains  abundant  fibrin  in  the 
meshes  of  which  are  polynuclear  leucocytes  in  great  number 
Experiments  in  vitro  have  shown  that  this  fibrin  contains  leucopro- 
tease  in  such  quantity  that  autolysis  quickly  occurs  when  the  in¬ 
fluence  of  the  exuded  serum  is  removed.  It  is  probable  that  a 
similar  process  occurs  when  fluid  is  removed  from  the  pleural 
cavity.  The  occurrence  of  abscess  will  depend  upon  the  complete¬ 
ness  with  which  fluid  is  withdrawn.  In  some  instances,  the  aspirat¬ 
ing  needle  was  inserted  about  three  centimeters  from  the  sternum, 
the  animal  being  held  with  the  body  in  the  normal  horizontal  posi¬ 
tion  ;  withdrawal  of  fluid  is,  perhaps,  more  complete  in  this  position. 
In  other  instances,  the  limit  of  hepatic  dullness  in  the  back  beside 
the  vertebral  column  was  determined  with  the  animal  in  its  natural 
position.  When  the  animal  was  placed  with  its  body  erect,  fluid 
subsided  to  the  dependent  part  and  a  zone  of  movable  dullness  was 
definable  in  the  back  above  the  level  of  the  diaphragm.  The  as¬ 
pirating  needle  was  inserted  within  this  area,  three  or  four  centi¬ 
meters  to  the  right  of  the  vertebral  column. 

In  seven  experiments  all  the  fluid  obtainable  was  withdrawn 
from  the  inflamed  pleural  cavity  two  days  after  injection  of  the 
irritant,  and  in  five  instances,  localized  abscesses  resulted.  In  the 
two  experiments  which  follow,  abscess  formation  failed  to  occur. 


Experiment  XXII. 

Absolute  Dullness. 


Before  injection  0  cm. 
After  I  day  2.9  cm. 

After  2  days  4.9  cm. 

After  aspiration  o  cm. 

After  3  days  o  cm. 


I  C.C.  turpentine  injected  into  right  pleural  cavity. 
50  c.c.  straw  colored  fluid  aspirated. 


The  animal  was  killed  at  the  end  of  seven  days.  The  right  pleural  cavity 
contained  no  fluid ;  the  entire  surface  of  the  right  lung,  save  the  posterior  border, 
was  covered  by  an  irregular  firmly  adherent  layer  of  tough  white  fibrin,  in  places 
one  millimeter  in  thickness.  Microscopical  examination  shows  organization  of 
fibrin ;  the  fibrin  remaining  contains  mononuclear  cells  but  no  polynuclear 
leucocytes. 
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Experiment  XXIII. 

Absolute  Dullness. 


Before  injection  o  cm. 
After  2  days  12.7  cm. 

After  aspiration  5.2  cm. 

After  3  days  5.1  cm. 

After  4  days  5.1  cm. 

After  10  days  3.0  cm. 


I  C.C.  turpentine  injected  into  right  pleural  cavity. 
60  c.c.  serous  fluid  aspirated. 


Animal  killed. 


The  right  pleural  cavity  contained  no  fluid;  abundant  tough  white  fibrin 
united  the  anterior  aspect  of  the  lung  to  the  chest  wall.  Microscopical  exami¬ 
nation  shows  advanced  organization  of  fibrin  containing  only  cells  of  mononuclear 
type. 


In  three  experiments  which  follow,  small  abscesses  were  found 
after  withdrawal  of  fluid. 


Experiment  XXIV. 

Absolute  Dullness. 


Before  aspiration  2.6  cm. 


After  I  day  3.6  cm. 

After  2  days  4.4  cm. 

After  aspiration  3.3  cm. 

After  4  days  3.3  cm. 


I  C.C.  turpentine  injected  into  right  pleural  cavity. 
14.5  C.C.  of  serous  fluid  withdrawn. 

Animal  killed. 


The  right  pleural  cavity  contained  i  c.c.  of  red  turbid  fluid.  There  was  much 
fibrin  forming  a  layer  over  the  ventral  aspect  of  the  lung  and  over  the  adjacent 
pericardium.  Upon  the  parietal  pleura  at  the  posterior  part  of  the  cavity  was  a 
yellowish  elevation  which  contained  purulent  fluid.  Within  an  interlobular  cleft 
upon  the  anterior  margin  of  the  lung  was  a  small  enclosed  cavity  containing 
thick  fluid  of  purulent  appearance. 

Microscopical  section  of  fibrin  taken  at  random  shows  degenerating  leucocytes 
forming  collections  of  considerable  size.  A  section  of  the  nodule  upon  the 
parietal  pleura  shows  a  well  defined  abscess  cavity  within  the  layer  of  fibrin; 
polynuclear  leucocytes  with  nuclear  degeneration  are  mingled  in  great  number 
with  both  large  mononuclear  cells  with  vesicular  nucleus  and  small  cells  with 
deeply  staining  nucleus. 

Autolysis  of  fibrin  from  the  surface  of  the  lung  occurred  as  follows: 


With  0.2  per  cent,  acetic  acid 
With  neutral  reaction 
With  0.2  per  cent,  sodium  carbonate 
With  I  c.c.  blood  serum 


Solution  of  Fibrin 

+  +  +  + 
O 
O 

o 


Biuret  Reaction. 
+  +  +  + 
O 
O 
O 


Absolute  Dullness. 

Before  inoculation  1.3  cm. 
After 


After 

After 


2  days 

12.2  cm.  85  C.C. 

aspiration 

3.0  cm. 

3  days 

i.S  cm. 

6  days 

1.5  cm. 

9  days 

Killed 

Experiment  XXV. 

C.C.  of  turpentine  injected  into  right  pleural 
cavity. 


Killed  with  ether  and  bleeding. 
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The  right  pleural  cavity  contained  no  fluid.  Fibrin  was  abundant,  forming  a 
layer  about  i  mm.  in  thickness  over  the  surface  of  the  ventral  half  of  the 
external  surface  of  the  lung.  The  right  lung  was  bound  in  places  to  the  peri¬ 
cardium,  diaphragm,  and  parietal  pleura.  The  left  pleural  cavity  was  normal. 

Within  a  layer  of  fibrin  between  the  two  lobes  of  the  lung  is  a  small  flattened 
cavity  containing  viscid  fluid  of  purulent  appearance.  Microscopical  examina¬ 
tion  shows  a  central  mass  of  necrotic  material  containing  polynuclear  leucocytes 
in  various  stages  of  degeneration.  Surrounding  it  is  a  zone  of  large  mononu¬ 
clear  cells,  many  of  which  have  ingested  the  altered  polynuclear  leucocytes.  A 
zone  of  fibrin  separates  these  cells  from  a  thick  capsule  of  newly  formed  con¬ 
nective  tissue. 


Experiment  XXVI. 

Absolute  Dullness. 


Before  inoculation 

2.1  cm. 

After  1  day 

4.6  cm. 

After  2  days 

6.2  cm. 

After  aspiration 

0  cm. 

After  3  days 

2  cm. 

After  4  days 

2  cm. 

After  9  days 

3-5  cm. 

1  c.c.  turpentine  injected  into  right  pleural  cavity. 

43  C.C.  reddish  serous  fluid  removed. 

Sick. 

Sick. 

Apparently  well;  killed. 


The  right  pleural  cavity  contained  no  fluid.  The  entire  upper  lobe  was  bound 
by  a  layer  of  fibrin,  from  o.S  to  i.S  mm.  in  thickness,  to  the  chest  wall  and  peri¬ 
cardium.  Within  this  fibrin  was  a  small  flattened  cavity,  about  i  cm.  across 
and  containing  thick  whitish  fluid  having  the  appearance  of  pus.  Corresponding 
to  this  focus  of  softening,  fibrin  is  found  by  microscopical  examination  to  have 
undergone  solution;  polynuclear  leucocytes  undergoing  degeneration  are  fairly 
abundant,  but  similar  cells  which  are  necrotic  and  without  nuclei  occur  in 
great  number. 


In  the  following  experiments,  aspiration  of  all  the  fluid  obtain¬ 
able  has  been  followed  by  formation  of  cavities  of  considerable  size 


containing  sero-purulent  or  purulent  fluid,  and  this  localized  sup¬ 
puration  has  occurred  even  though  the  quantity  of  fluid  withdrawn 
has  been  relatively  small  (lo  to  15  c.c.).  It  is  not  improbable 
that  fluid  has  been  withdrawn  from  a  part  of  the  chest  completely  or 
wholly  separated  by  fibrinous  adhesion  from  the  remainder  of  the 
cavity. 

Experiment  XXVII. 

Absolute 

Dullness. 


Before  inoculation  o  cm. 
After  2  days  7.7  cm. 

After  aspiration  2.8  cm. 

After  3  days  4.2  cm. 

After  4  days  2.5  cm. 


I  c.c.  turpentine  into  right  pleural  cavity. 
All  fluid  (serous)  obtainable  withdrawn. 

Sick. 

Killed. 


Within  the  right  pleura  walled  off  by  fibrin  is  a  cavity  containing  10  c.c.  of 
yellowish  purulent  fluid;  fibrin  lining  the  cavity  is  soft  and  ragged  and  evidently 
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in  process  of  disintegration.  Microscopical  examination  shows  disintegrating 
fibrin  infiltrated  with  polynuclear  leucocytes  in  immense  number.  The  remainder 
of  the  pleural  cavity  contains  about  15  c.c.  of  reddish  serous  fluid  (sterile  on 
attempted  culture),  together  with  a  layer  of  compact  gray-white  fibrin,  1.5  mm. 
in  thickness.  Autolysis  of  this  fibrin  occurred  as  follows: 


Solution  of  Biuret 

Fibrin.  Reaction. 

With  0.2  per  cent,  acetic  acid  -| — 1 — 1-  +  H — h 

With  neutral  reaction  -|- 

With  0.2  per  cent,  sodium  carbonate  o  o 

With  I  C.C.  blood  serum  o  o 


Before  injection 
After  I  day 
After  2  days 
After  aspiration 
After  4  days 
After  8  days 


Experiment  XXVIII. 

Absolute 

Dullness. 

1. 1  cm.  I  c.c.  turpentine  injected  into  right  pleural  cavity. 

5.2  cm.  Sick. 

7.5  cm.  All  fluid  (serous)  obtainable  withdrawn. 

4.5  cm.  Apparently  well. 

4-3  cm. 

4.2  cm.  Apparently  well;  killed. 


In  contact  with  the  sternum  and  displacing  the  upper  lobe  of  the  right  lung 
is  a  localized  pleural  abscess  containing  40  c.c.  of  thick  creamy  white  pus. 
Attempted  inoculation  of  agar-agar  has  given  a  negative  result.  The  remainder 
of  the  pleural  cavity  is  normal. 


The  foregoing  experiments  have  suggested  the  probability  that 
a  sero-fibrinous  pleurisy  of  greater  intensity  might  be  uniformly 
converted  into  empysema  by  withdrawal  of  fluid.  In  view  of  the 
variable  results  obtained  after  a  single  injection  of  various  amounts 
of  turpentine,  a  second  injection,  performed  at  a  time  when  the 
inflammatory  reaction  produced  by  the  primary  injection  had 
reached  its  height,  was  believed  to  offer  the  best  promise  of  uni¬ 
formly  increasing  the  intensity  of  the  reaction.  Experiments 
XVIII  and  XIX  have  shown  that  such  double  injection  may  re¬ 
sult  in  suppuration.  But  in  a  part  of  the  experiments  suppuration 
has  failed  to  occur.  In  such  cases,  after  aspiration  of  all  of  the 
fluid  which  could  be  obtained  within  twenty-four  hours,  a  serous 
has  become  a  purulent  exudate.  This  result  is  especially  note¬ 
worthy  because  the  withdrawal  of  fluid  removes  from  the  chest 
the  greater  part  if  not  all  of  the  inflammatory  irritant,  namely 
turpentine,  which  is  recognizable  by  its  odor  in  the  aspirated  fluid. 
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Absolute 

Dullness. 

Before  injection 

0 

cm. 

After  I  day 

2.3 

cm. 

After  2  days 

4.1 

cm. 

After  3  days 

5 

cm. 

After  4  days 

5.6 

cm. 

After  aspiration 

0 

cm. 

Experiment  XXIX. 


2  c.c.  turpentine  into  right  pleural  cavity. 


0-5  c.c.  turpentine  injected. 

38  C.C.  turbid  serous  fluid  (sterile)  containing  by 
volume  0.5  per  cent,  of  cells. 


The  animal  was  killed  twenty  hours  after  aspiration.  The  right  pleural  cavity 
contained  a  large  quantity  of  sero-purulent  fluid  in  which  were  6.5  per  cent,  of 
cells.  Fibrin  was  abundant  upon  the  surface  of  lung,  pericardium,  and  dia¬ 
phragm.  The  basal  part  of  the  layer  of  fibrin,  which  was  usually  2  or  3  mm. 
in  thickness,  was  fairly  firm,  but  the  superficial  part  was  soft,  opaque,  yellow 
and  partially  disintegrated. 


Autolysis  of  fibrin  occurred  as  follows: 

Solution  of  Biuret 

Fibrin.  Reaction. 

With  0.2  per  cent,  of  acetic  acid  -1 — | — | — (-  +  +  + 

With  neutral  reaction  -j — j — | — f-  -h  -|- 

With  0.2  per  cent,  sodium  carbonate  -j — j — j — [-  +  +  -| — h 


Absolute 

Dullness. 


Before  injection 

0 

After  I  day 

4-4 

After  3  days 

4.8 

After  4  days 

95 

After  aspiration 

0 

After  5  days 

7-9 

After  6  days 

14.2 

After  II  days 

16.6 

cm. 


cm. 


cm. 


cm. 


Experiment  XXX. 


I  C.C.  turpentine  into  right  pleural  cavity. 

I  C.C.  turpentine  again  injected. 

Withdrawn  by  aspiration  112  c.c.  red  serous  coag- 
ulable  fluid  (sterile)  containing  0.25  per  cent, 
cells;  serum  gives  faint  reaction  for  peptone. 

Large  zone  of  relative  dullness  on  percussion. 

Withdrawn  for  examination  9  c.c.  creamy  white 
purulent  fluid  (sterile)  containing  22  per  cent, 
of  cells;  serum  gives  marked  reaction  for  pep¬ 
tone. 

Sample  of  thick  punilent  fluid  withdrawn;  cells 
form  52  per  cent. ;  marked  reaction  for  peptone. 

Animal  moribund. 


The  right  pleural  cavity  contains  400  c.c.  thick  cream-white  pus  containing 
44.5  per  cent,  of  cells.  The  parietal  pleura  is  much  thickened  and  the  surface 
of  the  lung  has  a  greenish-gray  color.  Adherent  to  the  upper  lobe  of  the  lung, 
and  in  places  elsewhere,  is  a  layer  of  altered  fibrin,  soft,  friable,  and  with  the 
appearance  of  necrotic  material. 


Before  injection 

Absolute 

Dullness. 

0  cm. 

Experiment  XXXI. 

0.5  C.C.  turpentine  injected  into  right  pleural  cavity. 

After  I  day 

4.5  cm. 

After  2  days 

9.7  cm. 

After  4  days 

8.2  cm. 

0.5  c.c.  turpentine  again  injected. 
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Absolute 

Dullness. 

After  5  days  15.6  cm. 


After  aspiration 


After  7  days  45  cm. 


Withdrawn  by  aspiration  100  c.c.  reddish  serous 
fluid  containing  0.5  per  cent,  of  cells;  faint 
reaction  for  peptone. 

Over  an  area  about  4  cm.  across,  absolute  dull¬ 
ness  remained,  but  had  disappeared  in  the  most 
dependent  part  of  the  chest. 

Impaired  resonance  throughout  right  chest.  For 
examination  was  withdrawn  i  c.c.  of  yellowish 
purulent  fluid  (sterile)  containing  approxi¬ 
mately  50  per  cent,  of  cells. 


At  the  end  of  eight  days,  when  the  animal  was  killed,  the  right  pleural  cavity 
contained  168  c.c.  of  purulent  fluid  (sterile)  with  29  per  cent,  of  cells.  The  right 
lung  was  covered  by  a  mass  of  fibrin  about  S  nmi-  in  thickness,  yellowish-white, 
very  soft  and  evidently  in  process  of  disintegration.  The  serum  obtained  by 
centrifugalization  of  the  purulent  fluid  gives  a  well  marked  reaction  for  pep¬ 
tone  (-f  -f). 

Autolysis  of  the  disintegrating  fibrin  occurred  after  7  days  at  37®  C.  as  follows : 


With  0.2  per  cent,  acetic  acid 

Solution  ot 
Fibrin. 

+  +  + 

Biuret 

Reaction. 

-h  +  4- 

With  neutral  reaction 

_j - 1 - j_ 

+  +  + 

With  0.2  per  cent,  sodium  carbonate 

+  +  + 

4 — h  +  4" 

With  I  C.C.  blood  serum 

0 

0 

With  I  c.c.  serum  of  exudate 

+  -h 

+  +' 

With  s  c.c.  serum  of  exudate 

+  +  + 

4-  +  4- 

In  Experiments  XXIX  and  XXX,  the  fluid  present  in  the  pleural 
cavity  as  the  result  of  two  injections  of  turpentine  has  been  serous 
in  character  at  the  end  of  four  days  after  the  first  injection;  aspira¬ 
tion  of  all  the  fluid  obtainable  after  puncture  at  the  posterior  and 
basal  part  of  the  chest,  the  animal  in  upright  position,  has  been  fol¬ 
lowed  within  twenty-four  hours  by  formation  of  a  purulent  exudate. 
The  fluid  which  was  previously  thin  and  reddish,  containing  less 
than  one  per  cent,  of  cells  has  been  replaced  by  thicker,  opaque, 
white  fluid  containing,  in  one  instance  6.5  per  cent.,  and  in  the 
other  22  per  cent,  of  cells.  Fibrin,  which  with  sero-fibrinous  in¬ 
flammation  is  firm,  and  grayish-white,  has  become  yellowish-white, 
and  undergoing  disintegration  is  soft  or  even  semi-solid.  The 
fluid  part  of  the  exudate  which  at  the  time  of  aspiration  exhibited 
a  faint  reaction  for  the  products  of  digestion,  twenty-four  hours 
later  gives  a  well-marked  reaction.  At  a  later  period,  the  purulent 
characters  of  the  exudate  are  intensified,  cells  becoming  more 
abundant.  In  Experiment  XXXI,  examination  of  the  pleural  con- 
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tents  has  not  been  made  until  forty-eight  hours  after  aspiration, 
and  at  this  time,  the  cavity  has  contained  fairly  thick  pus.  In 
Experiment  XXX,  in  which  purulent  fluid  has  remained  in  the  chest 
during  six  days,  fibrin  has,  in  large  part,  undergone  solution. 

In  order  to  define  the  essential  difference  between  a  fibrinous  and 
a  purulent  exudate,  tests  of  the  autolytic  power  of  the  disintegrating 
fibrin  obtained  in  the  preceding  experiments  are  especially  signifi¬ 
cant  when  compared  with  similar  tests  made  with  fibrin  from  a 
sero-fibrinous  exudate  (Table  II  of  preceding  article)  ;  autolysis  in 
an  alkaline  medium  occurs  in  experiments  just  described  with  far 
greater  activity. 

In  Experiment  XXXI,  one  cubic  centimeter  of  blood  serum  has 
completely  inhibited  digestion  of  fibrin,  yet  the  same  quantity  of 
serum  from  the  purulent  exudate  has  failed  to  prevent  action  of 
the  enzyme  contained  in  the  fibrin,  whereas  in  the  presence  of  undi¬ 
luted  serum  of  the  exudate,  digestion  has  been  more  active  than 
with  one  cubic  centimeter,  the  volume  of  fluid,  after  addition  of 
normal  salt  solution  when  necessary,  being  in  every  instance  five 
cubic  centimeters. 

The  foregoing  experiments  have  been  described  to  illustrate  the 
transformation  of  sero-fibrinous  into  a  purulent  exudate,  and  to 
indicate  the  associated  underlying  changes  which  distinguish  the 
latter  from  the  former.  They  are  not  believed  to  indicate  that 
aspiration  of  fluid  in  cases  of  sero-fibrinous  pleurisy  is  a  dangerous 
procedure,  changing  perhaps  a  relatively  mild  pleurisy  into  em- 
pysema;  in  the  last  three  experiments  which  have  been  described, 
it  is  probable  that  death  would  have  occurred  as  the  result  of  com¬ 
pression  of  the  lungs  and  perhaps  of  the  heart  at  an  earlier  period, 
had  not  aspiration  been  performed.  If  they  offer  any  suggestion 
applicable  to  treatment  of  pleurisy,  it  is  that  complete  withdrawal 
of  fluid  with  acute  pleurisy  is  undesirable. 

These  experiments  bring  further  evidence  that  with  an  inflam¬ 
matory  reaction  which  has  not  reached  the  degree  of  intensity  indi¬ 
cated  by  suppuration,  leucoprotease  of  the  polynuclear  leucocytes 
is  held  in  check  by  antienzyme  of  the  exuded  serum..  Since  the 
pleural  cavity  presents  conditions  favorable  for  the  accumulation 
of  fluid,  the  inflammatory  irritant  is  in  the  first  place  rapidly  di- 
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luted;  after  a  singly  injection  of  turpentine,  coagulable  fluid,  to¬ 
gether  with  polynuclear  leucocytes  rapidly  accumulate,  but  at  no 
stage  of  the  reaction  does  enzyme  overcome  the  anti-enzyme. 

Polynuclear  leucocytes  which  are  present  within  the  layer  of 
fibrin  deposited  upon  the  surface  of  the  lung  removed  in  part  from 
influence  of  the  serum  cause  partial  solution  of  this  fibrin,  but  within 
five  days  after  the  onset  of  pleurisy  produced  by  a  single  injection 
of  the  irritant  undergo  autolysis  and  disappear.  After  aspiration 
of  fluid,  two  processes  may  occur,  in  some  instances,  side  by  side. 
Withdrawal  of  fluid  may,  it  appears,  hasten  autolysis  and  disappear¬ 
ance  of  polynuclear  leucocytes,  so  that  fibrin  removed  from  the  chest 
four  days  after  the  onset  of  pleurisy  (Experiments  XXIV  and 
XXVII)  may  fail  to  digest  in  the  presence  of  alkali,  failure  to  digest 
indicating  absence  of  leucoprotease.  In  association  with  this  fact, 
it  is  noteworthy  that  after  aspiration  of  fluid,  resolution  of  fibrin  is 
incomplete,  and  at  the  end  of  ten  days  or  two  weeks,  fibrin  is  much 
more  abundant  when  fluid  has  been  withdrawn  than  when  pleurisy 
has  pursued  an  interrupted  course. 

It  is  by  no  means  improbable  that  the  localized  abscesses  which 
have  been  found  more  frequent  after  aspiration  than  with  uninter¬ 
rupted  pleurisy  are  referable  to  a  similar  cause,  namely,  increased 
autolysis  no  longer  restrained  by  anti-enzyme  of  the  exuded  fluid. 
Enzyme  set  free  by  autolysis  of  cells,  on  the  one  hand,  may  be 
rapidly  removed  or  destroyed,  whereas,  on  the  other  hand,  when 
such  products  are  present  in  large  quantity  or  when  their  escape  is 
prevented,  a  localized  focus  of  suppuration,  characterized  by  solu¬ 
tion  of  fibrin,  may  result.  In  this  way,  probably,  are  formed  the 
localized  abscesses  which  occur  when  fluid  is  withdrawn  after  a 
single  injection  of  turpentine.  Nevertheless,  though  focal  ab¬ 
scesses  have  been  more  frequent  after  aspiration,  they  occur  when 
the  experimental  pleurisy  has  an  uninterrupted  course. 

Increase  of  enzyme  may  be  equally  efficient  in  transforming  a 
fibrinous  into  a  purulent  exudate.  For  even  though  a  large 
quantity  of  fluid  accumulates  in  the  chest  after  repeated  injection 
of  the  irri1;ant;  continued  migration  of  leucocytes,  many  of  which 
undergo  destruction,  will  finally  set  free  enzyme  (leucoprotease) 
in  quantity  sufficient  to  overcome  the  large  amount  of  anti-enzyme ; 
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that  there  is  a  certain  quantitative  relation  between  enzyme  and 
anti-enzyme  has  been  shown  in  a  previous  publication.®  The 
exuded  fluid  assumes  the  character  of  pus;  leucocytes  are  present 
in  immense  number  and  fibrin  infiltrated  with  leucocytes  under¬ 
goes  disintegration. 

The  effect  of  a  single  injection  of  turpentine  varies  within  such 
wide  limits  that  in  some  instances,  doubtless  dependent  upon 
peculiarities  of  the  animal  injected,  one  half  a  cubic  centimeter  may 
produce  more  intense  inflammation  than  two  cubic  centimeters. 
The  effect  of  repeated  injections  is  equally  variable.  In  some  in¬ 
stances,  a  sero-fibrinous  pleurisy  results  (Experiments  XVII, 
XXIX,  XXX  and  XXXI).  It  is  noteworthy  that  removal  of  fluid 
is  followed  by  transformation  of  such  a  sero-fibrinous  into  a  puru¬ 
lent  exudate,  even  though  a  large  part,  if  not  all  of  the  turpentine 
which  still  remains  in  the  chest  is  removed  with  the  aspirated  fluid. 
The  serum  of  the  purulent  exudate  fails  to  inhibit  in  vitro  the  en¬ 
zyme  contained  in  the  fibrin,  now  infiltrated  with  an  immense  num¬ 
ber  of  polynuclear  leucocytes.  Nevertheless  in  interpreting  the 
experiments  which  have  been  described  it  must  be  recognized  that 
a  sero-fibrinous  inflammation  cannot  in  the  transitional  stages  be 
sharply  separated  from  suppuration. 

There  can  be  little  doubt  that  the  purulent  exudate  in  which 
enzyme  is  more  powerful  than  anti-enzyme  itself  acts  as  an  inflam¬ 
matory  irritant  and  intensifies  the  exudation  of  fluid  and  emigra¬ 
tion  of  leucocytes.  When  after  aspiration  of  fluid  and  removal 
with  the  fluid  of  all  or  almost  all  of  the  inflammatory  irritant,  sup¬ 
puration  fails  to  occur,  or  is  limited  to  a  small  abscess  cavity  (Ex¬ 
periments  XXII  to  XXVI),  there  is  little  or  no  reaccumulation 
of  fluid.  With  the  occurrence  of  suppuration,  on  the  contrary, 
there  is  rapid  accumulation  of  fluid,  which  gradually  increases  in 
quantity  and  become  richer  in  cells.  Immediately  after  aspiration, 
if  the  explanation  which  has  been  offered  is  correct,  the  dispropor¬ 
tion  between  enzyme  and  anti-enzyme  is  greatest,  and  there  is 
greatest  opportunity  for  solution  of  fibrin.  The  unrestrained 
enzyme,  at  the  same  time  has  an  opportunity  to  exert  an  injurious 
influence  upon  the  pleural  surfaces. 

*Jour.  of  Exper.  Med.,  1906,  viii,  536. 


THE  DIFFERENTIATION  OF  STREPTOCOCCI  BY 
MEANS  OF  FERMENTATIVE  TESTS.^ 


By  LEO  BUERGER,  A.M.,  M.D. 

(From  the  Pathological  Laboratory,  Mt.  Sinai  Hospital,  New  York.) 

The  question  of  the  identity  of  streptococci  from  various  sources 
has  given  the  bacteriologist  material  for  discussion  and  investiga¬ 
tion  for  many  years.  Fehleisen^  and  Rosenbach®  wished  to  sepa¬ 
rate  the  streptococci  found  in  erysipelas  from  those  present  in  the 
ordinary  local  infections,  basing  their  classification  upon  differences 
exhibited  in  the  ordinary  fluid  and  solid  media.  Von  Lingelsheim^ 
made  the  morphological  distinctions  paramount  and  thus  proposed 
the  groups  S.  longus  and  S.  brevis.  More  recently  Schottmueller® 
suggested  a  new  classification  into  S.  erysipelatos,  S.  viridans  or 
mitis,  and  S.  mucosus,  varieties  which  were  to  be  recognized  by 
certain  distinctive  appearances  on  blood  media.  Whilst  the  last 
method  was  gaining  ground  amongst  the  German  workers,  Eng¬ 
lish  bacteriologists  were  investigating  the  fermentative  activities  of 
streptococci  with  a  view  to  ascertaining  whether  essential  differ¬ 
ences  such  as  would  be  of  value  in  classifying  could  be  discovered. 
Working  upon  the  assumption  that  the  fermentative  powers  are 
biological  characters  of  fundamental  importance,  Gordon,®  and 
Andrewes  and  Horder’^  employed  certain  fermentable  substances  in 
culture  media,  and  grouped  the  streptococci  partly  according  to 
their  action  upon  these  media  and  partly  according  to  their  sources. 

Gordon’s  nine  tests,  selected  for  routine  employment  were:  (i)  The  clottinj? 
of  milk  in  3  days  at  37°  C. ;  (2)  the  reduction  of  neutral  red  broth  during  an- 

*  Received  for  publication  May  4,  1907. 

*  Fehleisen,  Ueber  Erysipel,  Deut.  Zeit.  f.  Chir.,  1882,  xvi,  391.  Die  ^Etiologie 
des  Erysipels,  Berlin,  1883. 

*  Rosenbach,  Mikroorganismen  bei  d.  Wundinfections  Krankheiten  des  Men- 
schen,  Wiesbaden,  1891. 

*v.  Lingelsheim,  Therapie  und  ^Etiologie  der  Streptokokken-Infectionen 
Berlin,  1899. 

*  Schottmueller,  Munch,  med.  Woch.,  1903,  1,  849. 

*  Gordon,  Lancet,  1905,  Ixxxiii,  1400. 

’  Andrewes  and  Horder,  Lancet,  1906,  Ixxxiv,  708. 
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aerobic  incubation  for  2  days  at  37®  C. ;  the  production  of  an  acid  reaction  in 
aerobic  cultures  3  days  old  at  37®  C.  when  cultivated  in  various  slightly  alkaline 
broths  containing  severally  i  per  cent,  of  the  following:  (3)  saccharose;  (4) 
lactose;  (5)  raffinose;  (6)  inulin;  (7)  salicin;  (8)  coniferin;  (9)  mannite. 

Andrewes  and  Horder,  making  use  of  these  tests  and  reviewing  the  results 
of  other  workers  propose  the  following  very  elaborate  classification  of  streptococci. 

A.  Streptococcus  equinus:  a  saprophytic  group  in  which  most  of  the  organisms 
ferment  only  saccharose  and  the  glucosides. 

B.  Streptococcus  mitis:  saprophytic,  in  the  human  saliva  and  faeces  ferment¬ 
ing  saccharose  and  lactose  and  not  the  glucosides. 

C.  Streptococcus  pyogenes:  long  chained,  hemolytic,  acidify  milk,  do  not  clot 
milk ;  ferment  saccharose,  lactose  and  salicin.  Any  of  the  three  “  cardinal  ” 
reactions  may  be  suppressed.  Certain  other  reactions  may  be  added. 

D.  Streptococcus  salivarius:  characteristic;  fermentation  saccharose,  lactose 
and  raffinose. 

E.  Streptococcus  anginosus:  cannot  always  be  separated  from  Class  D;  occurs 
in  the  throat;  in  chemical  reactions  practically  indistinguishable  from  6".  sali¬ 
varius.  Type-reactions  are:  clotting  of  milk,  reduction  of  neutral  red,  acid 
formation  in  saccharose  and  lactose  and  often  in  raffinose. 

F.  Streptococcus  fcecalis. 

G.  Pneumococcus. 

Working  along  similar  lines  in  1904,  I  arrived  at  conclusions  so 
different  from  those  embodied  in  the  recent  paper  of  Andrewes  and 
Horder  that  I  think  it  desirable  to  present  them  in  this  paper. 


TECHNIC. 

Fermentation  experiments  were  made  with  thirty-three  strains 
of  pathogenic  streptococci  obtained  from  the  human  body,  and  upon 
one  non-pathogenic  variety  isolated  from  milk.  The  source  of  the 


organisms  is  given  in  the  table. 

1.  Empyema. 

2.  Mastoiditis. 

3.  Streptococcaemia-blood.* 

4.  Cellulitis  of  foot. 

5.  Empyema. 

6.  Mouth.f 

7.  Liver  abscess. 

8.  Cerebro-spinal  fluid-meningitis. 

9.  Peritonitis. 

10.  Pelvic  abscess. 

11.  Retroperitoneal  abscess. 

12.  Suppurative  arthritis;  elbow. 

13.  Pyonephrosis. 

14.  Appendicitis. 

15.  Osteomyelitis;  femur. 

16.  Osteomyelitis;  metatarsal. 

17.  Cellulitis. 


18.  Streptococcaemia-blood.* 

19.  Diarrhoea:  faeces. 

20.  Diarrhoea:  faeces. 

21.  Diarrhoea;  faeces. 

22.  Diarrhoea;  faeces. 

23.  Diarrhoea;  faeces. 

24.  Streptococcus  enteritis;  faeces.^ 

25.  Metritis. 

26.  Diarrhoea;  faeces. 

27.  Milk. 

28.  Peritonitis. 

29.  Mouth. 

30.  Streptococcaemia ;  blood.* 

31.  Cellulitis. 

32.  Mouth. 

33.  Mouth. 

34.  Mouth. 


*  Isolated  by  blood  culture  in  cases  of  “  malignant  endocarditis.” 
fThe  mouth  streptococci  were  vinilent  for  white  mice, 
t  Through  the  kindness  of  Dr.  Libman. 
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It  was  deemed  important  to  determine  the  nature  of  the  medium 
most  favorable  for  the  growth  of  the  organisms.  A  sugar-free 
broth  served  as  a  basis  and  litmus  (Kahlbaum’s)  was  added  to 
serve  as  an  indicator.  The  results  obtained  showed  in  a  number 
of  instances  that  carbohydrates  apparently  unaffected  in  one  medium 
could  be  easily  split  up  in  another.  Therefore  trials  were  made 
with  the  fluid  media  at  various  titers,  with  and  without  the  addi¬ 
tion  of  ascitic  serum,  and  also  in  a  medium  containing  beef  serum 
and  water.  The  following  is  the  list  of  the  media  employed. 


1.  Sugar  free  broth 

2.  “  “ 

.3- 

4. 

5- 

6.  Beef  serum  and  water. 


0.8  per  cent.  acid. 

0.5  per  cent.  acid, 
neutral. 

0.5  per  cent,  alkaline. 

o.s  per  cent,  acid  plus  one  third  volume  ascitic  fluid. 


To  these  media  one  per  cent,  of  the  following  carbohydrates  was 
added. 

Pentoses :  arabinose,  rhamnose. 

Hexoses:  glucose,  levulose,  galactose. 

Hexahydric  alcohols:  mannite,  dulcite. 

Disaccharides:  saccharose,  lactose,  maltose. 

Polysaccharides:  dextrin,  inulin. 

Sterilization  was  conducted  on  three  successive  days  and  was 
followed  by  a  three-day  test  in  the  incubator.  The  possibility  of 
hydrolytic  change  in  some  of  the  sugars,  in  tiie  presence  of  the 
dilute  acid  medium,  or  transformation  of  some  other  nature  during 
the  process  of  sterilization  had  to  be  considered.  Therefore  sev¬ 
eral  series  of  experiments  (each  repeated  twice)  were  made. 
Flasks  of  sugar-free  broth  with  litmus  were  sterilized,  and  to 
these,  watery  solutions  of  the  various  carbohydrates,  separately 
sterilized  in  large  tubes,  were  added.  The  amounts  in  each  were  so 
computed  that  a  one  per  cent,  solution  of  the  fermentable  substance 
would  result.  The  contents  of  the  flasks  were  then  filled  into  tubes 
and  the  latter  tested  in  the  usual  way.  It  was  found  that  the  results 
obtained  in  the  media  thus  prepared  did  not  differ  from  those  made 
up  in  the  usual  way. 

Three  series  of  experiments  were  conducted  with  media  i,  2,  3, 
and  4;  six  series  with  5  and  6.  Daily  observations  of  the  cultures 
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indicated  the  advantages  of  the  various  media  and  the  rapidity  of 
acid  formation.  At  the  end  of  the  fourth  day  the  whole  set  of 
tubes  together  with  the  controls  was  regularly  thrown  out  after 
the  final  readings  had  been  recorded.  To  wait  over  a  longer  period 
of  time  for  acid  production  to  manifest  itself,  although  preferable 
on  theoretical  grounds,  seems  disadvantageous  in  practice.  If  the 
chemical  test  is  to  be  of  any  practical  value,  its  results  ought  to  be 
final  within  the  specified  time. 

RESULTS  OF  THE  EXPERIMENTS. 

In  presenting  the  results,  those  obtained  upon  the  most  favor¬ 
able  media  alone  will  be  given  in  detail,  and  the  streptococci  grouped 
accordingly.  The  addition  of  ascitic  fluid  not  only  enhances 
growth  but  seems  to  favor  the  fermentation  of  certain  of  the  carbo¬ 
hydrates  that  were  not  attacked  in  the  simple  media.®  Careful 
chemical  tests  of  the  serous  fluid  as  to  possible  glucose  or  other 
sugar  content  were  always  made  in  advance.  Fermentation  tubes 
containing  sugar  free  broth,  litmus  and  the  serum  were  inoculated 
with  B.  coli  and  examined  for  acid  production.  Controls  of  broth, 
serum  and  litmus  without  carbohydrates  were  included  in  the  set 
of  tubes  inoculated  with  each  strain.  Keeping  in  mind  the  varia¬ 
tions  in  the  quality  of  ascitic  fluid  of  different  patients,  it  was 
decided  to  use  a  serum  from  the  same  source  for  a  complete  series 
of  tests  on  all  the  organisms. 

Inasmuch  as  arabinose  was  fermented  by  but  one  strain,  rhamnose 
by  but  three  strains,  and  dulcit  (or  dulcitol)  by  none  of  our  series, 
it  may  be  well  to  disregard  these  carbohydrates  in  an  attempt  at 
grouping  the  organisms.  We  may  then  tabulate  them  according 
to  fermentation  of  dextrose,  levulose,  galactose,  maltose,  saccha¬ 
rose,  lactose,  inulin,  dextrin  and  mannite,  as  follows : 

Fermenting  all  but  Total  Number; 


I. 

S. 

18 

I 

2. 

Mannite 

S. 

3 

I 

3- 

Inulin 

S. 

I, 

4, 

6,  7,  It, 

19,  20,  23,  31  9 

4- 

Inulin  \ 

S. 

2, 

S. 

8,  9,  10, 
25,  27,  28, 

12,  13,  14,  IS 

Mannite  / 

16, 

17, 

29.  30,  32,  33,  34  19 

6.  Inulin  I 

Mannite  j-  S.  24,  26  2 

Saccharose.  J 


*  Libman,  Jour,  of  Med.  Research,  1901,  vi,  84. 
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In  accordance  with  the  above  we  could  distinguish  six  varieties, 
those  failing  to  ferment  inulin  and  mannite  being  in  the  majority, 
those  fermenting  all  but  inulin  being  second  in  number.  There 
were  therefore : 

22  that  did  not  break  up  mannite, 

32  “  “  “  “  inulin, 

2  “  “  “  “  lactose, 

2  “  “  “  “  saccharose. 

The  carbohydrates  which  are  most  readily  fermented  are  the 
hexoses,  glucose,  levulose  and  galactose  (by  all),  the  disaccharide 
maltose  (by  all),  and  the  polysaccharide,  dextrin.  Acid  produc¬ 
tion  usually  appears  first  in  maltose,  then  in  levulose,  glucose  and 
dextrin.  Saccharose  and  lactose  resist  the  action  of  a  very  few 
streptococci.  The  following  table  gives  an  insight  as  to  the  num¬ 
ber  of  streptococci  fermenting  the  various  substances. 


Number  of  Streptococci  Producing  Acid  in 


Pentoses : 

arabinose 

I 

rhamnose 

3 

Hexoses : 

glucose 

34 

levulose 

34 

galactose 

34 

Disaccharides : 

saccharose 

32 

lactose 

32 

maltose 

34 

Hexahydric  alcohols: 

mannite 

12 

dulcite 

0 

Polysaccharides : 

dextrin 

34 

inulin 

2 

Rhamnose  was  broken  u'p  by  S.  19  and  S.  23 ;  rhamnose  and  arabinose  by  S.  18. 

It  is  important  to  note  that  the  fermentative  properties  described 
suffered  no  change  from  generation  to  generation.  All  the  organ¬ 
isms  were  studied  over  a  period  of  from  six  to  eight  months,  an 
interval  of  at  least  six  months  having  elapsed  between  the  first  and 
the  final  tests.  The  results  on  the  serum  media  were  uniform. 
This  showed  that  artificial  cultivation  had  no  influence  upon  the 
fermentative  activities. 

The  Results  on  Other  Media. — Plain  broth  at  0.8  per  cent,  acid, 
0.5  per  cent,  acid,  neutral,  or  0.5  per  cent,  alkaline  titer  were  found 
to  be  inferior  to  the  serum  bouillon.  At  the  0.8  per  cent,  titer  a 
number  of  organisms  failed  to  attack  carbohydrates  which  were 
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easily  broken  up  in  the  presence  of  serum.  These  were  mannite 
(not  affected  by  3  strains),  lactose  (2  strains),  dextrin  (2  strains), 
and  saccharose  (i  strain).  The  0.5  per  cent,  acid  plain  broth  was 
more  favorable  and  fell  behind  the  serum  medium  only  in  the  case 
of  lactose  (i  strain),  saccharose  (i)  and  mannite  (3).  Neutral 
bouillon  gave  the  same  results  as  the  last,  but  growths  were  more 
luxuriant.  The  alkaline  0.5  per  cent,  medium  was  rejected  as 
unsuitable  both  because  moderate  acid  production  was  indicated 
with  difficulty,  and  because  this  titer  was  unfavorable  for  growth. 
Beef  serum-water  as  suggested  by  Hanna®  and  Hiss,^®  although  a 
good  culture  medium,  was  found  unreliable.  The  results  in  it 
were  variable,  and  frequently  a  streptococcus  would  fail  to  make 
acid  from  carbohydrates  that  were  easily  broken  up  in  the  presence 
of  ascitic  fluid. 

Experiments  on  the  Pnetmiocoecus  and  Streptococcus  Mucosus. 
— Fifteen  strains  of  the  former  and  eight  of  the  latter  were  tested. 
The  serum  media  are  even  more  important  for  the  pneumococcus 
than  for  streptococci.  In  plain  broth  with  carbohydrates  growths 
are  frequently  so  sparse  that  acid  production,  if  present  at  all,  is 
too  slight  to  bring  about  a  visible  change  in  the  indicator.  All  the 
pneumococci  and  streptococci  of  the  “  mucosus  ”  variety  gave  the 
same  fermentative  reactions  thus  differing  from  the  ordinary  strep¬ 
tococci.  Acid  was  formed  from  dextrose,  dextrin,  maltose,  lactose, 
galactose,  inulin,  levulose  and  saccharose.  They  failed  to  break  up 
mannite,  dulcit,  arabinose  and  rhamnose. 

A  much  larger  series  of  pneumococci  (65  strains)  were  tested 
for  their  power  to  ferment  inulin.  It  was  found  that  a  number  of 
them  failed  to  produce  acid  in  certain  generations.  All  the  organ¬ 
isms,  however,  fermented  inulin  at  some  time  or  other  of  their  life 
history. 

More  recently  in  a  study  of  pneumococci  obtained  from  blood 
cultures  it  has  been  found  by  Dr.  Ryttenberg  and  myself  that  the 
power  of  breaking  up  inulin  may  be  lost.  These  observations  on 
the  mutability  of  fermentative  properties  will  be  published  later. 

’  Hanna,  Joitr.  of  Path,  and  Pact.,  1898,  v,  267. 

“Hiss,  Jour,  of  Expcr.  Med.,  1904.  vi,  317. 
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SUMMARY. 

If  we  glance  again  at  the  classification  proposed  by  Andre wes  and 
Horder  we  are  struck  at  once  by  the  fact  that  no  hard  and  fast 
differences  in  fermentative  properties  characterize  the  various 
groups,  and  that  the  authors  prefer  to  have  recourse  to  the  most 
frequent  habitat  of  the  organisms  and  to  chemical  tests,  rather  than 
to  confine  themselves  to  the  latter  method  alone.  From  what  has 
been  said  earlier  in  this  paper,  it  becomes  clear  at  once  that  the 
results  gained  by  these  authors  are  not  convincing,  for  in  their 
work  they  have  failed  to  use  the  most  favorable  medium  for  growth 
of  the  organisms.  And  thus  it  can  hardly  be  doubted  that  differ¬ 
ent  reactions  might  have  been  obtained,  under  the  conditions  adopted 
by  us.  How  otherwise  could  the  fact  be  explained  that  of  thirty- 
four  of  their  pneumococci  only  eight  fermented  inulin.  We  had  a 
similar  experience  while  using  the  plain  broth  which  led  us  to  reject 
it  as  an  unfavorable  medium.  Further,  all  our  pneumococci  fer¬ 
mented  lactose  with  great  rapidity.  Andrewes  and  Horder  report 
that  eight  of  their  series  left  lactose  unchanged. 

Taking  our  own  tests  into  consideration  we  find  that  working 
with  but  a  small  number  of  carbohydrates  we  were  able  to  find  six 
different  varieties  of  streptococci  among  only  33  pathogenic  strains. 
Which  of  the  various  substances  is  to  decide  us  in  the  grouping  of 
the  organisms?  Would  we  not  find  even  greater  variations  from 
the  most  common  type  (see  No.  4  in  table)  if  we  were  to  extend 
our  tests  over  a  larger  series  of  chemical  agents?  These  questions 
are  difficult  to  answer  and  only  extended  experimentation  with  a 
great  many  streptococci  and  many  media  will  clear  up  the  doubtful 
points. 

In  concluding  it  may  be  stated : 

1.  Streptococci  vary  considerably  in  their  ability  to  produce  acid 
from  various  carbohydrates. 

2.  Chemical  tests  of  this  kind  should  be  made  only  in  the  media 
which  are  most  favorable  for  the  growth  of  the  organisms. 

3.  Our  results  gave  us  six  groups  of  streptococci,  when  tested 
upon  dextrose,  levulose,  galactose,  maltose,  saccharose,  lactose, 
inulin,  dextrin  and  mannite,  viz.:  Those  fermenting  (i)  all;  (2) 
all  but  mannite;  (3)  all  but  inulin;  (4)  all  but  inulin  and  mannite; 
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(5)  all  but  inulin  and  lactose;  and  (6)  all  but  inulin,  mannite  and 
saccharose. 

4.  In  view  of  the  comparatively  small  number  of  streptococci 
employed  we  are  hardly  warranted  in  making  a  definite  classifica¬ 
tion.  Perhaps  a  larger  series  of  tests  upon  the  media  employed 
will  enable  us  to  divide  streptococci  into  distinct  classes  character¬ 
ized  by  certain  fixed  fermentative  properties. 


ON  EXTRACELLULAR  AND  INTRACELLULAR  VENOM 
ACTIVATORS  OF  THE  BLOOD,  WITH  ESPECIAL 
REFERENCE  TO  LECITHIN  AND  FATTY  ACIDS 
AND  THEIR  COMPOUNDS.^ 

By  HIDEYO  NOGUCHI,  M.D. 

{From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

INTRODUCTION. 

Snake  venom  forms  a  haemolytic  compound  with  pure  lecithin 
when  it  is  shaken  with  a  chloroform  solution  of  this  substance.^ 
The  same  is  true  of  the  venom  of  bee.^  Judging  from  this  impor¬ 
tant  discovery,  linked  with  the  fact  that  the  serum  as  well  as  the 
corpuscles  of  blood  yield  upon  hot  alcoholic  extraction  a  large  quan¬ 
tity  of  lecithin,  Kyes  was  led  to  deduce  that  the  venom  activating 
substance  of  blood  is  lecithin.  This  theory  has,  however,  some 
rather  serious  difficulties  in  explaining  certain  fundamental  phe¬ 
nomena  which  are  observed  in  venom  hsemolysis.  In  spite  of  the 
fact  that  all  serums  or  corpuscles  do  yield  upon  extraction  nearly 
uniform  amounts  of  lecithin,  certain  kinds  of  serums  possess  no 
activating  property;  and  the  susceptibility  of  the  corpuscles  of  dif¬ 
ferent  bloods  exhibits  a  wide  variation  according  to  the  species  of 
animals.  In  some  instances  the  corpuscles  are  completely  refrac¬ 
tory  to  the  action  of  venom.  Speaking  quantitatively  there  is  no 
relation  between  the  amount  of  lecithin  and  that  of  the  venom  acti¬ 
vating  substance  of  serum  or  corpuscles.  If  we  are  forced  to  hold 
lecithin  responsible  for  venom  hsemolysis  in  normal  serum  or  blood 
corpuscles  we  must  assume  that  lecithin  exists  in  different  states 
in  different  bloods,  the  explanation  adopted  by  Kyes  to  account  for 
the  phenomena  observed. 

This  hypothesis  appears  to  furnish  an  easy  solution  of  the  phe¬ 
nomena,  but  it  requires,  in  the  meanwhile,  its  verification  by  experi- 

*  Received  for  publication  April  15,  1907. 

*  Kyes,  Berl.  klin.  Woch.,  1903,  xi,  956,  982. 

’  Morgenroth  and  Carpi,  Berl.  klin.  Woch.,  1906,  xliii,  1424. 
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mental  evidence.  The  first  question  will  be  whether  lecithin  ever 
exists  as  an  available  compound  in  the  activating  serum  and  in  the 
venom-susceptible  corpuscles.  To  decide  this  point  it  is  absolutely 
necessary  to  exclude  other  activators  than  lecithin  from  the  acti¬ 
vating  serum  or  susceptible  corpuscles.  This  having  been  done, 
we  can  compare  the  degree  of  firmness  of  lecithin-containing  com¬ 
pounds  of  various  kinds  of  serums  and  corpuscles,  including  the 
originally  activating  and  non-activating  serums  and  corpuscles. 
Even  if  we  find  that  in  one  set  of  serums  there  is  present  an  avail¬ 
able  lecithin  compound,  and  not  in  the  other,  we  shall  then  face  a 
new  problem,  namely,  whether  the  fact  of  availability  or  the  loose¬ 
ness  of  the  lecithin  compound  in  the  former  serums  is  applicable 
to  the  whole  blood  or  is  to  be  attributed  to  a  particular  lecithin  com¬ 
pound  found  only  in  the  serum,  but  not  in  the  blood  corpuscles. 

The  part  which  lecithin  may  play  in  venom  haemolysis  caused  by 
fresh  serum  is  not  quite  clear,  inasmuch  as  serum  contains  still 
other  complementary  substances,  which,  doubtless,  play  their  own 
roles.  A  sharply  differential  method  for  venom  haemolysis  caused 
by  lecithin  and  by  certain  other  complementary  substances  is  re¬ 
quired  to  clear  up  the  question  to  what  extent  lecithin  is  responsible 
for  the  production  of  haemolysis  by  venom  in  unmodified  serums. 

Before  recording  the  results  of  my  present  investigations  relating 
to  the  points  already  referred  to  above,  as  well  as  to  some  other 
questions  to  be  introduced  and  considered  later  in  this  paper,  a 
brief  statement  of  the  recent  development  of  our  knowledge  con¬ 
cerning  venom  haemolysis  will  make  the  necessity  and  object  of  the 
present  work  more  obvious. 

Snake  venom  produces  haemolysis  only  through  the  aid  of  a  secondary  sub¬ 
stance.  Thus  Flexner  and  Noguchi*  first  demonstrated  that  the  blood  corpuscles 
of  certain  species  of  animals  undergo  venom  haemolysis  when  there  is  present 
suitable  serum,  and  believed  that  complement  of  such  serum  is  the  activating 
principle.  This  was,  however,  found  not  to  be  always  the  case,  as  Kyes*  dis¬ 
covered  that  there  are  instances  where  the  corpuscles  are  dissolved  without  the 
addition  of  serum.  The  cause  of  the  independent  susceptibility  of  these  cor¬ 
puscles  was  ascribed  to  the  presence  of  intracellular  activator  in  these  cells. 
The  general  characteristics  of  intracellular  activators  agreed  with  those  of  serum 
complement;  Kyes  called  them  endocomplements.  At  the  same  time  lecithin 

*  Flexner  and  Noguchi,  Jour,  of  Exper.  Med.,  1902,  vi,  277. 

‘Kyes,  Berl.  klin.  Woch.,  1902,  xxxix,  886,  918. 
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was  found  to  be  capable  of  activating  venom  with  striking  readiness,  but  Kyes 
distinguished  this  form  of  venom  haemolysis  from  that  caused  by  the  comple¬ 
mentary  substances  of  certain  fresh  serums  or  by  the  endocomplement  of  certain 
susceptible  corpuscles,  by  their  resistance  to  high  temperature  and  their  activity 
at  0°  C,  in  which  lecithin  excelled  the  other.  He  also  confirmed  the  important 
observation  of  Calmette*  of  the  acquisition  of  power  or  the  increase  in  strength 
of  the  venom  activating  property  of  various  serums  after  heating  to  65“  C.  and 
higher.  This  phenomenon  was  attributed  by  Keyes  to  the  liberation  of  lecithin 
by  the  action  of  heat.  While  adding  still  further  evidences  to  the  occurrence  of 
venom-complement  haemolysis,  Keyes  and  Sachs’  withdrew  the  opinion  that  endo¬ 
complement  was  a  thermolabile  complement,  and  presented  a  new  view  that  it 
is  really  lecithin  contained  in  the  stroma  of  the  susceptible  corpuscles.  The 
reason  why  the  stroma  of  venom-resistant  corpuscles  does  not  react  with  venom 
was  explained  by  the  hypothesis  that  lecithin  exists  in  an  unavailable  form  in 
these  corpuscles.  In  his  third  communication  Kyes*  succeeded  in  preparing  a 
compound  of  venom  and  lecithin  (lecithid)  and  threw  suspicion  on  that  mode 
of  venom  haemolysis  in  which  complement  is  thought  to  take  a  part. 

Kyes  suggested  the  possibility  that  any  injurious  substance  may  modify  the 
corpuscles  so  as  to  render  available  the  lecithin  otherwise  inaccessible  to  the 
venom.  But  this  assumption  has  never  been  proven  experimentally.  My  pre¬ 
vious  experiments’  show  lecithin  to  be  by  no  means  an  inert  compound,  although 
its  activity  is  likely  to  be  underestimated  on  account  of  the  slow  reaction-time. 
Further,  I  was  led  to  consider  certain  oleic  compounds  as  well  as  oleic  acid  as 
venom  activating  agents.”  This  point  has  an  important  bearing  on  the  present 
investigation  of  the  venom  activating  substances  of  normal  serum  and  susceptible 
corpuscles.  Although  no  relationship  between  the  lipolytic  and  the  haemolytic 
properties  of  venom  and  phytogenous  toxalbumens  have  been  established,  yet 
the  discovery  by  Neuberg  and  Rosenberg”  of  the  lipolytic  property  of  various 
venoms  and  bee  poison  is  a  fact  of  great  interest.  Ricin,  which  is  a  powerful 
lipolyzer,”  forms  a  strong  haemolysin  when  mixed  with  free  lecithin,”  a  fact 
important  in  that  it  shows  that  ricin  does  not  unite  with  the  lecithin  in  the 
integral  corpuscles  or  serum.  Apparently  lecithin  in  the  native  condition  in 
these  substances  is  unattackable  by  ricin. 

Hence  it  appears  that  we  are  again  in  the  dark  as  to  the  real 
nature  of  venom  haemolysis.  We  are  entirely  unable  to  answer  the 
question  whether  complement  and  certain  complement-like  bodies 
of  serum  have  any  part  in  venom  haemolysis,  and  whether  lecithin 

*  Calmette,  Compt.  rend.  d.  I’Acad.  d.  Sciences,  1902,  cxxxiv,  1446. 

’Kyes  and  Sachs,  Bert.  klin.  Woch.,  1903,  xl,  21,  57,  82. 

*  Kyes,  Berl.  klin.  Woch.,  1903,  xl,  956,  982. 

’  Madsen  and  Noguchi,  Oversight  over  det  Kongl.  Danske  Vedenskabernes 
Selskabs  Forhandlungen,  1904. 

“Noguchi,  Jour,  of  Exper.  Med.,  1906,  viii,  87. 

”  Neuberg  and  Rosenberg,  Berl.  klin.  Woch.,  1907,  xliv,  54. 

“  Pascucci,  Hofmeister's  Beitragc,  1906,  vii,  457. 

”  Neuberg  and  Rosenberg,  loc.  cit. 
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is  really  present  in  available  form  for  venom  in  activating  serum 
and  susceptible  corpuscles.  The  sum  of  what  we  know  at  present 
is  that  blood  serum  and  corpuscles  yield  large  amounts  of  lecithin 
upon  alcoholic  extraction,  that  venom  can  form  a  powerful  hjemoly- 
tic  compound  with  free  lecithin,  that  the  activating  property  of 
serum  and  venom  susceptibility  of  the  corpuscles  have  no  direct 
relation  to  their  lecithin  content,  that  certain  activating  serums  con¬ 
tain  venom  activating  principles  which  in  some  respects  closely 
resemble  complement,  that  certain  chemicals,  which  may  be  present 
only  in  certain  bloods  as  normal  constituents,  can  produce  a  form 
of  venom  haemolysis  hardly  to  be  distinguished  from  that  caused 
by  normal  serum. 

A  ready  way  to  clear  up  this  confusing  point  is  to  discover  an 
agent  possessing  the  elective  inhibitory  action  upon  one  or  other  of 
the  venom  activating  principles.  In  course  of  my  study^^  on  the 
anticomplementary  action  of  various  acids,  alkalies  and  salts,  I 
found,  among  others,  that  various  salts  of  the  alkali  earths  inhibit 
complementary  action  without  altering  the  serum  amboceptors. 
Calcium  chloride,^®  when  used  in  a  dilute  solution,  is  most  suitable 
to  remove  the  complementary  action  of  serum.  This  salt  was 
employed  in  the  present  work  to  inactivate  serum  complement,  as 
it  has  no  marked  destructive  action  upon  venom  amboceptor,  when 
used  in  a  strength  of  At  N,  or  weaker.  On  the  other  hand,  calcium 
chloride  has  no  anti-activating  power  against  lecithin.  Venom 
lecithid  retains  its  haemolytic  activity  in  a  medium  containing  cal¬ 
cium  chloride.  When  the  amount  of  lecithin,  or  venom  lecithid, 
is  very  small  the  salts  retard  complete  haemolysis,  but  have  no  ulti¬ 
mate  effect  on  the  process. 

In  addition  to  this  differential  agent  an  ethereal  extraction  of 
venom  activators  prepared  from  an  active  serum  or  the  stroma  of 
susceptible  corpuscles  was  employed  as  a  means  to  distinguish  the 
lecithin-like  activator  from  the  complement-like  ones.  This  method 
was  especially  useful  for  determining  the  protein-lecithid  nature  of 
the  activator  of  certain  serums  and  all  heated  serums.  I  shall 
return  later  to  a  discussion  of  this  point. 

“  Noguchi,  read  at  the  meeting  of  the  American  Society  of  Bacteriologists, 
New  York,  Dec.  28,  1906. 

'“0.85  per  cent,  of  this  salt  is  isotonic. 
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VENOM  ACTIVATORS  OF  FRESH  SERUM. 

To  determine  whether  the  venom  activating  property  of  fresh 
serum  is  removed  by  calcium  chloride,  0.5  c.c.  of  the  serum  under 
consideration  was  mixed  with  0.5  c.c.  of  ^  N.  solution  of  this  salt, 
and  the  volume  made  2  c.c.  with  0.9  per  cent,  salt  solution.  The 
washed  corpuscles  were  added  in  proportion  of  five  per  cent.  After 
an  incubation  of  half  an  hour  at  37°  C.,  o.i  c.c.  of  0.4  per  cent, 
solution  of  cobra  venom  was  introduced,  and  the  whole  incubated 
for  several  hours  at  37°  C.  and  left  at  room  temperature  for  the 
rest  of  the  night.  The  result  was  read  off,  as  a  rule,  within  twenty- 
four  hours.  The  corpuscles  and  serum  came  from  the  same  blood ; 
but  sometimes  the  washed  corpuscles  of  a  second  blood  were  em¬ 
ployed.  This  last  combination  is,  of  course,  possible  only  when  the 
serum  in  question  has  no  hjemolytic  action  upon  the  corpuscles. 
Table  I.  shows  the  results  obtained  with  the  serum  and  corpuscles 
of  the  same  blood. 


Blood  of 


Man 

Horse 

Pig 

Cat 

Guinea-pig 

Rabbit 

Pigeon 

Hen 

Goose 

Goat 

Ox 


TABLE  I. 


Control. 

Fresh  Serum  0.5  c.c.  I  o.i  c.c.  of  o.i  ^ 
+  Corpuscles.  Cobra  Venom 

-f- 0.9  NaCl  i.s  c.c.  j  Solution. 


CaCl,  Addition. 

Fresh  Serum  0.5  c.c.  lo.i  c.c.  of 
+  Corpuscles.  I  o.j%  Cobra 

-i-  N/io  CaCL  0.5  c.c.  |  V  e  n  o  m 
+  0.9  $  NaCI  i.o  c.c.  J  Solution. 


complete  hjemolysis 


no  haemolysis 


no  haemolysis  “ 

it  U 


The  above  experiment  shows  that  the  majority  of  the  varieties 
of  blood  employed  undergo  complete  haemolysis  by  venom  and  that 
their  activating  substances  are  completely  inhibited  by  calcium 
chloride.  The  absence  of  haemolysis  in  the  presence  of  CaClg  is 
not  due  to  destruction  of  the  venom,  because  the  addition  of  a  small 
quantity  of  free  lecithin  to  such  mixture  produces  complete  haemo¬ 
lysis.  Or,  the  presence  of  a  small  amount  of  lecithin,  which  may 
be  added  purposely  at  the  same  time  as  the  CaClg,  leads  to  complete 
haemolysis.  There  is  still  another  way  to  prove  that  the  corpuscles 
are  sensitized  by  venom  in  the  CaClg  mixture.  The  corpuscles  may 
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be  washed  with  0.9  per  cent,  salt  solution  and  finally  suspended  in 
a  fresh  lot  of  the  latter.  If  now  a  small  amount  of  lecithin  or 
0.5  c.c.  of  any  activating  serum  is  added  complete  hsemolysis  occurs. 

Whether  or  not  the  venom  activators  of  the  serums  are  identical 
with  compounds  contained  in  them  cannot  be  determined  from  this 
experiment,  as  both  are  inactivated  by  CaClg.  At  all  events,  leci¬ 
thin  is  excluded  by  this  test  as  the  activating  agent  of  these  serums. 

The  serum  of  the  dog  is  extremely  rich  in  venom  activating  sub¬ 
stances  and  differs  from  other  serums  in  its  relation  to  inactivation 
with  calcium  chloride.  Of  twelve  different  samples  of  normal 
dog  serum  complete  inactivation  by  CaClg  was  obtained  only  in 
three,  marked  delay,  in  five,  and  slight  retardation,  in  the  rest. 
In  this  series  homologous  and  heterogeneous  corpuscles  were  tested 
and  gave  the  same  result.  Thus  dog’s  serum  is  an  example  of  a 
fresh  serum,  in  which  lecithin  exists  in  an  available  form  for 
venom  activation.  The  simultaneous  presence  of  certain  CaClg 
inhibiting  venom  activators  was  also  demonstrable;  and  in  a  few 
instances  this  class  of  activators  alone  was  present  in  the  dog  serum. 

VENOM  ACTIVATORS  OF  BLOOD  CORPUSCLES. 

A  wider  variation  is  exhibited  by  the  corpuscles  of  different 
species  of  animals  in  their  action  toward  venom.  Some  kinds  of 
corpuscles  are  promptly,  while  other  not  at  all  dissolved  by  venom. 
The  latter  class  of  corpuscles  remains  undissolved  because  of  the 
absence  of  suitable  venom  activators  although  sensitization  still 
occurs.  The  corpuscles  of  all  bloods  undergo  haemolysis  when 
suitable  activators  are  present.  The  most  susceptible  corpuscles 
are  those  of  dog  and  guinea-pig,  and  entirely  refractory  are  those 
of  ox,  goat  and  sheep.  The  corpuscles  of  horse,  rabbit,  rat,  pig 
and  man  occupy  an  intermediary  position.  Those  which  approach 
the  limit  of  the  series  of  non-susceptibility  require  a  longer  incuba¬ 
tion  for  haemolysis  than  those  which  stand  near  the  opposite  end. 
This  incubation  time  can  be  greatly  shortened  by  adding  certain 
activating  serums.  The  original  assertion  of  Flexner  and 
Noguchi^®  that  venom  requires  complement  for  its  activation  was 
based  on  the  fact  that  certain  washed  corpuscles  remained  intact 

“Flexner  and  Noguchi,  Jour,  of  Exper.  Med.,  1902,  vii,  277. 
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during  a  period  of  experimentation  in  which  the  same  corpuscles 
underwent  complete  haemolysis  when  fresh  serum  was  added.  In 
a  later  paper  Flexner  and  Noguchi described  the  presence  of  com¬ 
plementary  substances  in  various  kinds  of  organic  cells. 

The  cause  of  destruction  of  certain  corpuscles  by  venom  alone 
is  ascribed  by  Kyes^®  and  Kyes  and  Sachs^®  to  the  presence  of 
endocomplement.  The  thermolabile  nature  and  the  inactivity  at 
o°  C.  of  endocomplement  led  them  first  to  classify  it  with  comple¬ 
ments.  But  later  they  showed  that  the  thermolability  is  caused  by 
the  simultaneous  presence  of  hiemoglobin  and  hence  concluded  that 
it  was  the  lecithin  of  the  stroma.  To  this  particular  point  I  will 
return  a  little  later. 

In  my  experiment  regarding  the  nature  of  intracellular  venom 
activators  of  the  integral  corpuscles,  I  employed  calcium  chloride 
to  determine  whether  this  salt  can  suppress  haemolytic  action  of 
venom  upon  susceptible  corpuscles.  The  result  was  rather  remark¬ 
able.  The  washed  corpuscles  of  horse,  rat,  rabbit,  cat,  guinea-pig, 
pig,  pigeon,  goose,  hen  and  man  remained  undissolved  in  N.  to 
N.  CaClg  medium  in  the  presence  of  corbra  venom.  The  con¬ 
trols  dissolved  completely  in  from  fifteen  minutes  to  twenty-four 
hours.  The  protection  of  the  susceptible  corpuscles  is  not  due  to 
the  desctruction  of  venom  by  CaCla,  because  by  a  later  addition 
as  well  as  by  the  simultaneous  introduction  of  a  small  amount  of 
lecithin,  or  even  by  the  addition  of  old  dog  serum  (inactive  with 
age)  complete  haemolysis  can  be  induced.  The  least  susceptible 
corpuscles  require  the  smallest  amount  of  CaCU  for  protection. 
On  the  other  hand,  a  trace  of  haemolysis  is  often  observed  with  the 
corpuscles  of  guinea-pig  or  man  after  twenty-four  hours.  Differ¬ 
ent  samples  of  dog  corpuscles  behave  differently.  I  employed 
several  samples  and  with  some  there  is  perfect  protection,  with 
others  partial  protection.  Dog  corpuscles  are  liable  to  spontaneous 
haemolysis  within  twenty-four  hours,  which  fact  may  be  responsible 
for  irregular  results. 

The  removal  of  intracellular  activators  by  means  of  digestion 

” Flexner  and  Noguchi,  Jour,  of  Path,  and  Pact.,  1905,  x,  iii. 

Kyes,  loc.  cit. 

“  Kyes  and  Sachs,  loc.  cit. 
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in  a  calcium  chloride  solution  gave  variable  results.  The  corpuscles 
of  horse  or  pig  are  protected  from  venom  after  digestion  in 
N.  CaClg  for  half  an  hour,  but  those  of  guinea-pig  and  dog  are  not. 
If  we  use  N.  solution  these  corpuscles  are  rendered  even  more 
susceptible  to  venom  than  the  undigested  samples.  The  mechanical 
injuries  brought  about  during  the  procedure  of  washing  away  the 
calcium  salt  with  sodium  chloride  solution  may  have  some  influence. 
Perhaps  a  sudden  change  of  tonicity  and  breaking  up  of  agglutinated 
masses  of  corpuscles  hasten  the  destruction.  Hence  it  would  ap¬ 
pear  that  in  the  majority  of  the  corpuscles  lecithin  seems  not  to  be 
able  to  play  a  part  as  activator.  Before  deciding  this  matter  finally 
other  considerations  should  be  taken  up.  The  presence  of  haemo¬ 
globin  in  lecithin  containing  fluid,  or  the  addition  of  lecithin  to  the 
corpuscular  solution  does  not  permit  of  the  inactivation  by  calcium 
chloride.  Ovovitellin  of  hen’s  egg  contains  a  high  percentage  of 
lecithin.  This  lecithin-proteid  is  not  split  up  with  ether,  but  by 
hot  alcohol.  I  prepared  a  saline  suspension  of  ovovitelliri  and  ex¬ 
amined  it  for  venom  activation.  It  was  found  to  be  an  excellent 
activator.  Hence  the  question  arose  whether  this  proteid  com¬ 
pound  could  not  be  easily  inactivated  by  calcium  chloride.  This 
proved  not  to  be  possible.  Thus  lecithin,  either  in  a  mechanical 
mixture  with  hjemoglobin  or  corpuscular  contents,  or  in  a  chemical 
combination  with  proteid,  is  not  inactivated  by  CaCU.  That  leci¬ 
thin  does  not  exist  in  an  available  form  for  venom  hiemolysis  in 
susceptible  as  well  as  insusceptible  corpuscles  can  be  shown  by  the 
following  experiments. 

The  washed  corpuscles  of  the  guinea-pig  were  broken  up  with  about  three 
times  their  volume  of  water.  The  stroma  was  separated  out  by  adding  0.9  per 
cent,  sodium  chloride  and  the  precipitated  stroma  was  collected  by  centrifugation. 
The  clear,  intensely  dark-red  supernatant  fluid  was  pipetted  off  and  used  for 
some  tests,  while  the  stroma  was  twice  washed  in  a  0.9  per  cent,  sodium  chloride 
solution. 

The  pink-colored  stroma  was  tested  for  its  venom  activating  property,  for 
which  the  corpuscles  of  ox  and  goat  were  used.  The  activation  was  not  rapid, 
but  progressed  rather  slowly.  The  deep-red  supernatant  fluid  was  not  activating. 
The  test  with  calcium  chloride  showed  that  the  activating  property  of  the  stroma 
is  completely  removed  by  this  salt.  The  shaking  of  the  stroma  with  a  large 
quantity  of  ether  also  removed  this  property.  On  the  other  hand,  the  ethereal 
extract  upon  evaporation  left  a  small-  amount  of  fatty  substances,  which  contained 
chiefly  aceton-soluble  fats,  but  almost  no  lecithin  to  be  detected  even  with  venom. 


444 


Venom  Activators  of  the  Blood. 


I  redissolved  the  oily  mass  in  0.9  per  cent,  salt  solution,  in  which  it  showed 
turbidity  and  an  acid  reaction  to  litmus.  This  suspension  is  activating. 

We  have  thus  succeeded  in  locating  the  site  and  identifying  the 
probable  nature  of  the  phosphorus-free  fat  acting  as  an  intracellular 
venom  activator.  It  may  be  added  that  the  activating  property 
of  this  suspension  is  completely  set  aside  by  calcium  chloride.  As 
Kyes  and  Sachs  first  showed,  lecithin  could  be  isolated  from  the 
stroma  with  hot  alcohol.  The  lecithin  obtained  from  it  is  activat¬ 
ing,  but  entirely  different  from  the  activators  of  the  integral  cor¬ 
puscles,  corpuscular  solution  and  ethereal  extract  of  corpuscles  in 
its  relation  to  CaCla.  While  lecithin  can  be  extracted  with  alcohol 
from  any  of  the  corpuscles,  no  matter  whether  they  belong  to  the 
susceptible  or  the  insusceptible  class,  in  nearly  equal  quantities,  the 
ether-soluble  venom  activators  are  found  only  in  the  corpuscles  sus¬ 
ceptible  to  venom.  I  have  tried  many  times  to  extract  an  ether- 
soluble  venom  activator  from  the  corpuscles  of  the  ox  and  goat, 
but  without  success.  These  corpuscles  are  naturally  venom- 
resistant,  and  their  corpuscular  solutions  do  not  contain  a  venom 
activator.  A  later  experiment  with  the  corpuscles  of  the  dog  gave 
practically  the  same  result  as  those  of  guinea-pig. 

Direct  evidence  that  certain  fatty  acids,  soaps  and  neutral  fats 
are  capable  of  acting  as  venom  activators  can  easily  be  given.  The 
venom-resistant  corpuscles  are  washed  and  freed  from  the  serum. 
Then  the  minimal  haemolytic  quantities  of  oleinic  acid,  sodium 
oleate,  ammonium  oleate,  neurin  oleate  and  triolein  are  ascertained. 
The  subminimal  haemolytic  dose  of  any  of  these  chemicals  is  taken 
and  mixed  with  the  corpuscular  suspension  of  any  of  the  insus¬ 
ceptible  bloods.  No  haemolysis  occurs  after  twenty-four  hours. 
But  if  an  adequate  quantity  of  cobra  venom  is  added  at  the  same 
time,  complete  haemolysis  occurs.  The  addition  of  these  chemicals 
to  the  corpuscular  solution  (not  suspension)  of  an  insusceptible 
blood  renders  it  venom-activating.  This  artificially  prepared  acti¬ 
vating  solution  of  blood  corpuscles  behaves  in  the  manner  of  the 
solution  of  susceptible  corpuscles,  and  becomes  inactive  upon 
ethereal  extraction  in  case  of  oleinic  acid,  organic  soaps,  and  triolein. 
With  the  solutions  whose  activating  property  is  conferred  by  the 
addition  of  alkaline  oleate  soaps,  ether  fails  to  remove  it.  Calcium 
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chloride  is  very  effective  in  depriving  these  solutions  of  their  ac¬ 
quired  venom-activating  property.  The  result  with  triolein  is  not 
satisfactory,  as  two  preparations  from  Merck  and  Kahlbaum  gave 
entirely  different  results,  as  the  latter  was  almost  entirely  inactive. 
The  activators  of  susceptible  corpuscles  were  completely  and  per¬ 
manently  inactivated  by  boiling. 

From  these  results  it  seems  justifiable  to  conclude  that  lecithin 
does  not  exist  in  the  corpuscles,  irrespective  of  their  susceptibility 
to  venom  haemolysis,  in  an  available  form  for  venom.  The  degree 
of  susceptibility  of  blood  corpuscles  depends  chiefly  upon  the 
amount  of  ether-soluble  activators  contained  in  the  cells.  These 
ether-soluble  activators  are,  doubtless,  fatty  acids,  and  especially 
oleinic  acid.  The  absence  of  fatty  acids  in  the  insusceptible  cor¬ 
puscles  is  in  perfect  harmony  with  the  reaction  to  venom.  If  we 
compare  the  amount  of  fatty  acids^®  and  the  degree  of  venom  sus¬ 
ceptibility  of  different  corpuscles  we  discover  that  a  definite  and 
undeniable  parallelism  between  these  two  factors  exists.  If  any 
amount  of  venom  activators  are  present  in  the  stroma  after  ethereal 
extraction  it  does  not  necessarily  follow  that  they  are  lecithin,  be¬ 
cause  the  ether-insoluble  soaps  may  be  preexistent  or  be  formed 
during  the  manipulation  of  the  corpuscles  with  water,  and  they 
would  certainly  take  on  a  good  share  in  the  activation. 

VENOM  ACTIVATORS  OF  HEATED  SERUM. 

Calmette  discovered  that  any  serum  acquires  venom  activating 
property  or  has  its  property  increased  by  heat  above  65°  C.  Kyes 
found  that  the  maximum  effect  is  reached  at  100°  C.  and  coincides 
with  the  maximum  liberation  of  lecithin.  That  the  activating 
property  of  such  heated  sera  is  due  to  lecithin  can  be  further  estab¬ 
lished  by  means  of  chloride  of  calcium,  as  the  next  table  shows. 

An  attempt  was  made  to  ascertain  whether  lecithin  exists  in  a 
free  state  or  as  a  proteid  compound  in  heated  serum.  That  a  non- 
coagulable  proteid  exists  in  serum  heated  to  80°  to  100°  C.  in  a 
neutral  or  slightly  acidified  reaction  has  long  been  known.  Chab- 
rie,^^  who  first  described  this  proteid,  called  it  albumon.  Howell’s^^ 

”  Abderhalden,  Zeit.  f.  Physiol.  Client.,  1898,  xxv,  65. 

“  Chabrie.  Compt.  rend,  de  I’Aead.  de  Sciences,  1891,  cxiii,  557. 

“  Howell,  Amcr.  Jour,  of  Physiol.,  1906-7,  xvii,  280. 
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TABLE  II. 


Serum  o  a  c.c.  (  Total  Volume  made  to 

Corpuscles  5  per  cent.  a  c.c.  with  0.9  per  cent. 

Cobra  Venom  0.1  per  cent..  Solution  0.1  c.c.  (added  later).  NaCl  Solution. 


Fresh. 

56°  c. 

65°  C. 

85°  C. 

100°  c. 

Saline. 

CaCI, 
N/xo  0.5 

Saline. 

CaCI, 
N/10  0  5 

Saline. 

CaC'a 
N/io  0.5 

Saline. 

CaCIg 
N/io  0.5 

Saline. 

CaCL 

N/io  0  s 

Man 

Horse 

C.  H. 

None 

Slight  H. 

None 

it 

Much  H. 
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Much  H. 

C.  H. 

C.  H. 

C.  H. 

1 1 

C.  H. 
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Ox 
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C.  H.* 
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C.  H. 
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it 

C.  H. 
Slight  H. 

(( 
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i 

“ 

1 1 

ft 

tf 

tt 

tt 
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recent  investigations  of  this  proteid  added  many  new  facts.  Albu- 
mon  is  characterized  as  soluble  in  water,  indiffusible  through  col- 
lodium  membrane,  non-coagulable  in  presence  of  neutral  or  acid 
reaction  upon  boiling,  but  easily  precipitable  by  half  saturation  with 
ammonium  sulphate.  It  contains  a  large  percentage  of  phosphorus 
and  iron.  The  phosphorus  represents  the  lecithin  which  exists  in 
its  molecule  as  a  component  extractable  only  by  warm  alcohol. 
Howell  considers  albumon  an  artificial  product  formed  through  the 
action  of  the  heat,  while  some  previous  investigators  considered  it 
a  normal  constituent,  or  were  uncertain  on  this  point. 

In  my  experiments  I  employed  ox  serum.  The  serum  was  diluted  with  three 
times  its  volume  of  water  and  gradually  boiled  at  neutral  reaction  (neutraliza¬ 
tion  by  means  of  acetic  acid).  The  non-coagulable  portion  was  separated  from 
the  coagulum  by  filtration.  The  clear  fluid  gave  the  required  characteristics  for 
•  albumon,  and  upon  examination  it  proved  to  be  highly  active  for  venom  and  not 
to  be  inactivated  by  calcium  chloride.  Ether  failed  to  extract  any  activator  from 
the  fluid  medium  or  after  drying.  On  the  other  hand,  warm  alcohol  yielded 
much  lecithin  and  perhaps  some  other  venom  activating  substances.  The  proteid 
precipitated  out  by  the  process  of  extraction  was  inactive.  Goat  serum  yielded 
a  similar  albumon. 

Thus  the  conclusion  seems  warranted  that  the  lecithin  of  heated 
serum  does  not  exist  in  a  free  state,  but  in  a  proteid  compound, 
which  is  capable  of  reacting  with  venom.  In  this  case  the  pre¬ 
existence  of  this  proteid  in  unheated  serum  is  conclusively  excluded 
by  the  fact  that  neither  the  fresh  serum,  nor  the  coagulum  of  these 
bloods  contained  any  available  lecithin  compounds. 

*  Guinea-pig  corpuscles  contain  endocomplement,  which  accounts  for  com¬ 
plete  haemolysis.  If  ox  or  goat  corpuscles  are  used  no  haemolysis  results,  while 
the  same  corpuscles  are  readily  dissolved  by  the  addition  of  over-heated  serum, 
and  cannot  be  reduced  by  CaCh. 
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LOCATION  OF  AVAILABLE  LECITHIN  IN  VARIOUS  PROTEID  FRACTIONS 

OF  SERUM. 

The  existence  of  venom  activators  of  lecithin  nature  in  normal 
dog  serum  has  been  mentioned.  But  the  question  whether  the 
availability  of  lecithin  in  this  particular  serum  is  due  to  looseness  of 
a  lecithin-proteid  compound,  or  to  the  presence  of  a  definite  lecithin 
compound  peculiar  to  this  serum  was  left  undecided. 

Two  different  samples  of  dog  serum  were  dialyzed  in  collodium  sacs  against 
running  water  and  after  seventy-two  hours  the  whitish  precipitates  were  col¬ 
lected  by  filtration  and  dissolved  in  0.9  per  cent,  sodium  chloride  solution.  The 
filtrate  was  made  isotonic  with  the  same  salt.  The  first  represents  the  serum 
globulin  and  the  second  the  serum  albumin.  These  were  now  tested  for  venom 
activating  property.  The  result  shows  that  the  globulin  fraction  was  inactive 
and  the  albumin  highly  active.  The  same  serums  were  then  fractionated  with 
ammonium  sulphate.  The  precipitate  produced  by  half  saturation  was  separated 
from  the  serum  by  filtration.  The  filtrate  was  then  completely  saturated  by 
further  addition  of  this  salt.  The  precipitate  was  obtained  by  filtration.  The 
first  represents  the  globulin  and  the  second  the  albumin  fraction  of  the  serum. 
Both  were  dialyzed  in  collodium  sacs  for  seventy-two  hours.  In  the  first  sac, 
which  contained  the  globulin  fraction,  there  was  a  large  amount  of  whitish 
precipitate.  This  was  filtered  and  collected;  the  filtrate  was  also  preserved  for 
testing.  The  content  of  the  second  sac  was  perfectly  clear,  and  was  used  for 
the  tests.  All  three  were  made  isotonic  with  sodium  chloride.  The  globulin 
precipitate  dissolved  in  this  medium  with  slight  opalescence.  The  tests  for 
venom  activation  gave  the  following  result:  the  solution  of  the  globulin  precipi¬ 
tate  and  the  albumin  fraction  were  unable  to  activate  venom,  while  the  clear 
portion  of  the  first  sac  was  extremely  active.  This  last  fraction  was  non- 
coagulable  in  saline  solution  upon  boiling,  but  precipitable  by  ammonium  sul¬ 
phate  and  heat  and  coagulable  by  alcohol.  It  gave  a  blue-violet  Biuret  reaction. 
The  venom  activating  property  of  this  portion  was  unaffected  by  CaCh  or  ethereal 
extraction. 

Similar  tests  with  ox  and  pig  serums  (both  non-activating)  gave  results 
differing  from  those  with  dog  serum,  as  the  globulin  lacked  the  venom  activating 
property. 

The  next  question  was  whether  the  globulin  and  albumin  frac¬ 
tions  of  these  serums  contain  any  lecithin.  The  examination  was 
made  by  extracting  the  serums  with  hot  alcohol  (70°  C.). 

The  globulin  fraction  of  the  serums  of  dog,  horse,  ox  and  pig 
yielded  upon  hot  alcoholic  extraction  comparatively  small  amounts 
of  lecithin.  On  the  other  hand,  the  albumin  fraction  of  these 
serums  yielded  much  more  lecithin  than  the  globulin.  The  non- 
coagulable  portion  obtained  from  the  first  sac  (containing  the  pre- 
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cipitates  by  half  saturation  with  ammonium  sulphate)  contained  a 
large  amount  of  lecithin. 

The  globulin  as  well  as  albumin  fractions  did  not  produce  upon 
boiling,  either  with  or  without  sodium  chloride,  as  much  lecithin 
(in  available  form  for  venom)  as  the  whole  serums  from  which 
they  were  isolated.  In  some  instances  even  considerable  reductions 
were  observed  with  the  globulin  fraction  plus  the  non-coagulable 
lecithin  proteid  of  dog  serum.  I  am  inclined  to  ascribe  this  reduc¬ 
tion  in  activity  to  the  simultaneous  presence  of  cholesterin  in 
the  medium.  The  problem,  which  was  set  at  the  beginning  of  this 
topic,  has  been  resolved  experimentally:  the  venom  activating  sub¬ 
stance  of  lecithin  nature  in  dog  serum  exists  as  a  definite  proteid 
compound,  and  does  not  depend  upon  a  loose  combination  between 
lecithin  and  globulin  or  albumin.  The  non-venom-activating 
serums  do  not  contain  a  similar  lecithin  proteid  to  that  found  in 
dog  serum. 

PREPARATION  OF  ARTIFICIAL  VENOM  ACTIVATING  SERUM. 

Normal  serum  may  contain  two  different  sets  of  venom  activa¬ 
tors,  namely,  one  resembling  complement  and  the  other  a  proteid 
compound  of  lecithin  resembling  albumon.  The  latter  is  occasion¬ 
ally  present  in  normal  dog  serum,  while  the  former  constitute  the 
venom  activating  substances  contained  in  all  venom  activating 
serums.  Calcium  chloride  renders  the  first  class  of  activators 
ineffective.  The  venom  activating  property  of  these  serums,  which 
are  subject  to  the  calcium  inactivation,  is  completely  or  in  part 
removable  by  ethereal  extraction.  The  ethereal  extract  contains 
fatty  acids  and  neutral  fats,  but  not  lecithin.  The  inactivation  of 
these  serums  by  the  temperature  of  56°  C.  is  rather  uncertain, 
although  more  or  less  reduction  in  activity  is  observed.  Sometimes 
complete  loss  is  obtained.  The  activating  function  of  this  class  of 
venom  activators  is  suspended  at  0°  C.  Except  in  certain  her¬ 
bivorous  mammalian  bloods  (ox,  goat  and  sheep)  the  majority 
of  mammalian  serums  and  certain  avian  serums  contain  the  com¬ 
plement-like  venom  activators  in  varying  quantities,  and  no  lecithin- 
'  like  activators  are  to  be  found  in  these  serums.  Even  in  dog 
serum,  which  contains  an  available  compound  of  lecithin,  there  is 
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a  large  amount  of  the  other  present.  I  have  already  mentioned 
that  in  the  ethereal  extract  of  these  serums  varying  quantities  of 
fatty  acids  and  fats  are  contained.  But  more  convincing  is  the 
fact  that  none  of  the  non-activating  serums  yields  more  than  a 
minute  quantity  of  activating  fatty  acids. 

By  the  term  “  venom  activating  fatty  acids  ”  oleic  acid  is  chiefly 
meant.  Palmitic  and  stearic  acid  are  far  less  effective  in  this  re¬ 
spect.  The  more  oleic  acid  is  present  in  the  ethereal  extract,  the 
stronger  is  the  venom  activating  property. 

Apart  from  the  varieties  of  the  fatty  acids,  the  whole  amount  of 
these  acids  extractable  from  dog  serum  is  nearly  twice  as  much  as 
from  the  serum  of  ox,  goat  or  sheep. I  have  already  mentioned 
that  two  samples  of  triolein  which  I  used  acted  very  differently, 
so  that  I  have  been  put  in  doubt  regarding  my  earlier  experi¬ 
ments.^^ 

The  facts  above  enumerated  clearly  indicate  that  fatty  acids  have 
a  direct  relation  to  the  venom  activating  property  of  blood  serum. 

Leaving  aside  the  question  whether  fatty  acids  represent  the 
entire  venom  activators  or  only  part  of  them,  I  will  consider  next 
whether  or  not  certain  fatty  acids  and  soaps  can  confer  the  venom 
activating  property  upon  non-activating  serums. 

For  this  experiment  two  sets  of  normal  ox  serum  were  used : 
the  one  without  any  modification,  and  the  other  after  being  shaken 
with  a  large  volume  of  ether.  To  both  sets  oleinic  acid  in  amounts 
of  o.i2^°  to  joo  grams  of  the  serum  was  added.  In  still  other 
series,  and  with  ox  serum,  sodium  oleate  was  used  instead  of  oleinic 
acid.  Oleinic  acid  and  sodium  oleate  are  highly  haemolytic  if  these 
are  dissolved  in  this  concentration  (or  emulsified  in  case  of  oleinic 
acid)  in  a  0.9  per  cent,  sodium  chloride  solution;  but  in  ox  serum 
they  remain  completely  inactive.  When  these  mixtures  are  used 
as  venom  activators  they  display  very  powerful  haemolytic  action 
upon  insusceptible  corpuscles  (ox  and  goat).  Their  action  is  not 
so  prompt  as  that  of  dog  serum  or  any  heated  serum,  but  more  like 
that  of  guinea-pig  serum,  except  that  it  is  prompter  than  that.  By 

“  Abderhalden,  loc.  cit. 

”  Noguchi,  Jour,  of  Exper.  Med.,  1906,  viii,  87. 

“This  proportion  was  taken  from  the  data  given  by  Abderlhalden  for  dog 
serum. 
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reducing  the  quantity  of  the  mixture  a  descending  scale  of  activa¬ 
tion  can  be  secured  until  no  effect  whatever  is  obtained.  There  is 
no  marked  difference  between  the  acid  and  soap  in  the  mode  of 
action.  Calcium  chloride  completely  inactivates  these  mixtures. 
The  temperature  of  56°  C,  has  a  marked  reducing  power  upon  the 
soap  and  serum  mixture,  but  hardly  any  upon  the  acid  and  serum 
mixture.  Ethereal  extraction  removes  the  activating  property  of 
the  latter,  but  not  of  the  former.  At  0°  C.  the  latter  is  still  slightly 
active,  but  not  the  former.^® 

These  artificially  prepared  venom  activating  serums  are  not  eas¬ 
ily  distinguishable  from  certain  natural  serums. 

The  second  type  of  venom  activating  serum,  in  which  lecithin 
is  present  in  an  available  form,  can  be  artificially  prepared,  by  add¬ 
ing  pure  lecithin,  or  the  non-coagulable  proteid  of  heated  serum, 
to  non-activating  serum.  When  the  mixture  is  made  its  activating 
property  cannot  be  stopped  by  calcium  chloride  or  the  temperature 
of  0°  C.  Cholesterin  inhibits  the  effect  of  this  mixture.  Ether 
cannot  remove  much  of  the  lecithin  when  once  mixed  with  the 
serum;  this  perhaps  may  be  due  to  the  fact  that  lecithin  can  enter 
into  combination  with  some  of  the  serum  components. 

THE  PROTECTIVE  ACTION  OF  CALCIUM  CHLORIDE  AGAINST  VENOM 

CYTOLYSIS. 

The  powerful  cytolytic  property  of  various  kinds  of  venoms  upon 
the  cells  of  liver,  kidney,  nerve,  testis,  and  ova  of  different  ani¬ 
mals  has  been  demonstrated  by  Flexner  and  Noguchi.^®  The 
mechanism  of  the  cytolysis  was  found  to  be  essentially  the  same  as 
that  of  haemolysis  and  that  intracellular  complements  played  an  im¬ 
portant  part.  Knowing  no  other  means  to  eliminate  the  intracel¬ 
lular  complement  at  that  time,  Flexner  and  Noguchi  employed  heat 
(temperature  of  55°  C.  maintained  for  thirty  minutes).  They 
found  that  this  temperature  rendered  the  cells  insusceptible  to 
venom,  unless  fresh  serum  was  added  to  the  mixture.  In  this  way 
the  similarity  of  venom  cytolysis  and  serum  cytolysis  was  established. 

”  No  suppression  of  action  without  serum  constituents. 

”  Mayer  and  Terroine,  Compt.  rend.  d.  1.  Soc.  d.  Biol.,  1907,  Ixii,  398. 

“Flexner  and  Noguchi,  Jour,  of  Path,  and  Bact.,  1905,  x,  iii. 
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Since  I  found  in  calcium  chloride  a  powerful  anti-complementary 
haemolytic  substance  it  was  natural  to  expose  the  somatic  cells  to 
the  influence  of  this  chemical  to  establish  the  nature  of  the  com¬ 
plementary  body  present  in  them.  In  this  series  of  experiments 
the  cells  of  liver,  kidney,  testis  and  brain  of  the  guinea-pig  and  rat 
were  employed.  It  was  difficult  to  obtain  many  ganglion  cells  in 
good  condition,  while  the  testicular  cells  were  easily  obtained  intact. 
Uniform  emulsions  (5  per  cent.)  in  salt  solution  of  these  cells  were 
measured  into  small  test-tubes  to  which  daboia  venom  was  added 
in  proportion  of  i :  100.  The  mixture  was  placed  in  a  water  ther¬ 
mostat  at  37°  C.  for  five  hours  and  examined  microscopically.  To 
test  the  action  of  calcium  chloride  the  salt  was  added  to  the  sus¬ 
pensions  of  these  cells  in  ratio  of  ^  N.,  and  half  an  hour  later  the 
venom  was  introduced. 

The  results  are  briefly  as  follows:  the  cells  of  the  liver,  kidney 
and  testis  are  well  preserved  in  the  saline  solution  after  five  hours. 
The  ganglion  cells  are  less  distinct  in  outline,  but  apparently  have 
not  disintegrated  (controls).  In  the  venom  solution  the  testicular 
cells  are  nearly  all  dissolved,  but  the  spermatozoa  minus  heads 
remain.  The  clearing  up  of  the  cellular  elements  is  distinctly 
visible  in  vitro.  The  liver  cells  become  more  or  less  swollen  and 
the  outlines  indistinct.  The  granules  disappear  and  the  nuclei  be¬ 
come  more  distinct.  Agglutination  of  free  cells  is  marked.  The 
kidney  cells  and  tubules  become  gradually  indistinct  and  a  general 
disintegration  of  the  former  occurs.  The  number  of  cells  is  less 
than  in  the  controls;  agglutination  occurs.  The  ganglion  cells 
have  disappeared  wholly,  and  a  general  solution  of  granular  ele¬ 
ments  has  taken  place.  These  alterations  are  much  more  pro¬ 
nounced  in  the  emulsions  of  guinea-pigs’  than  of  rats’  brains.  Not 
only  the  microscopical,  but  also  the  macroscopical  appearances  of 
the  venomized  emulsions  is  at  once  recognized  by  a  marked  clear¬ 
ing  up  of  the  original  turbid  suspensions.  The  addition  of  cal¬ 
cium  chloride  completely  prevents  the  destructive  action  of  venom 
upon  the  cells.  The  protection  afforded  by  this  salt  is  greater  than 
is  obtained  by  heating  the  cells  to  55°  C. 

From  these  facts  the  complement-like  nature  of  the  venom  acti¬ 
vators  contained  in  the  somatic  cells  is  once  more  established. 
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SUMMARY. 

In  normal  serums  of  the  majority  of  mammalian  and  avian  blood 
there  exists  certain  substances  capable  of  activating  venom  haemoly- 
sin.  They  are  extractable  from  serum  by  means  of  ether,  and  are 
capable  of  conferring  upon  the  originally  non-activating  serum  a 
power  to  activate  venom,  when  mixed  with  the  latter.  The  ether¬ 
eal  extract  consists  of  fatty  acids,  neutral  fats  and  possibly  also 
some  ether  soluble  organic  soaps.  The  fatty  acids  and  soaps,  espe¬ 
cially  of  the  oleinic  series,  acquire  certain  characteristics  of  comple¬ 
ments  in  general,  when  they  are  mixed  with  serum.  They  are 
inactive  without  the  venom  in  the  mixture;  they  are  inactivable 
with  calcium  chloride;  they  exhibit  a  tendency  to  go  off  in  activity 
with  age;  they  are  inactive  or  only  weakly  active  at  o°  C.,  and  they 
are  extractable  by  ether.  In  testing  the  serum  from  which  the 
ether  soluble  substances  are  removed,  it  is  found  that  no  venom 
activating  property  is  left.  Warm  alcoholic  extraction  of  such 
serum  yields,  however,  a  large  quantity  of  lecithin.  In  the  case 
of  non-activating  serums  no  venom  activating  fats  appear  in  the 
ethereal  extract.  Lecithin  exists  in  such  serum  in  no  less  quantity 
than  in  the  activating  kind. 

The  addition  of  oleinic  acid  or  its  soluble  soaps  to  a  non-activating 
serum,  in  a  ratio  which  corresponds  to  the  percentage  of  fatty 
acids  or  soaps  contained  in  some  of  the  easily  activating  serums, 
will  make  the  serum  highly  active  in  regard  to  venom. 

In  normal  serum  of  dog  there  exists,  besides  the  group  of  acti¬ 
vators  already  mentioned,  another  kind  of  venom  activators  which 
has  been  identified  as  a  lecithin  compound  acting  in  the  manner  of 
free  lecithin. 

A  very  sharp  differentiation  of  the  haemolysis  produced  by  this 
activator  and  by  the  other  groups  of  activators  is  obtained  by  means 
of  calcium  chloride,  which  is  powerless  against  lecithin  or  lecithin 
compounds,  but  effective  in  removing  the  action  of  the  latter.  This 
lecithin  containing  proteid  can  be  precipitated  by  half  saturation 
with  ammonium  sulphate,  but  is  perfectly  soluble  in  water,  and  is 
not  coagulated  in  neutral  alkaline  salt  solutions  upon  boiling.  Alco¬ 
hol  precipitates  a  proteid-like  coagulum  and  extracts  lecithin  from 
it ;  ether  does  not  extract  lecithin  from  this  compound. 
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Non-activating  serums  do  not  contain  any  such  lecithin  com¬ 
pound. 

Lecithin  contained  in  other  serum  proteids,  mainly  as  lecithalbu- 
min,  and  perhaps  as  contained  in  globulin,  is  not  able  to  activate 
venom.  This  is  true  of  all  the  serums  with  which  I  worked;  it 
matters  not  whether  these  fractions  (obtained  with  ammonium 
sulphate)  belong  to  the  most  activating  serum  (dog)  or  to  the 
non-activating  serum  (ox). 

The  non-coagulable  portion  of  all  heated  serum  contains  a  venom 
activator  of  the  nature  of  lecithin.  This  activator  is  contained  in 
a  non-coagulable  proteid  described  by  Howell  which  is  identical 
with  Chabrie’s  albumon.  As  there  is  no  ether-extractable  lecithin 
in  this  portion  of  the  serum,  the  activating  property  of  heated 
serum  must  be  due  to  this  proteid  compound  of  lecithin.  That  this 
lecithin  proteid  does  not  pre-exist  in  normal  serum  but  is  produced 
by  the  action  of  high  temperature  is  true  of  all  serums  except  that 
of  the  dog.  In  venom  activation  we  know  now  that  lecithin  be¬ 
comes  reactive  with  venom  when  it  is  transformed  from  other  pro¬ 
teid  compounds  into  the  non-coagulable  form,  the  albumon.  How¬ 
ell’s  view  of  the  non-existence  of  the  non-coagulable  proteid  in 
normal  serum  seems  to  receive  a  biological  support  from  venom 
haemolysis. 

Ovovitellin  derived  from  hen’s  egg  is  one  of  the  best  venom 
activators  of  the  lecithin  proteid  type. 

The  cause  of  venom  susceptibility  of  various  kinds  of  blood  cor¬ 
puscles  does  not  depend  upon  the  existence  of  lecithin  in  the  corpus¬ 
cles,  but  solely  upon  the  amount  of  fatty  acids,  and  perhaps,  also, 
soaps  and  fats,  contained  in  the  corpuscles.  The  protection  which 
calcium  chloride  gives  against  venom  haemolysis  is  proof  of  the 
absence  of  lecithin  activation.  From  the  stroma  of  susceptible 
corpuscles  fatty  acids  or  some  fats  can  be  extracted  with  ether. 
After  ethereal  extraction  the  stroma  becomes  non-activating,  while 
the  extract  contains  fatty  acids  and  some  soaps  or  fats,  which  when 
added  to  venom-resistant  corpuscles  render  the  latter  vulnerable  to 
venom.  The  corpuscular  solution  of  non-activating  corpuscles  does 
not  contain  enough  fatty  acids.  The  larger  the  amount  of  fatty 
acids  and  soaps  in  the  corpuscles,  the  easier  the  cells  undergo 
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venom  haemolysis.  Lecithin  exists  in  the  stroma  of  all  kinds  of 
corpuscles,  but  in  a  form  unavailable  for  venom  activation. 

The  somatic  cytolytic  processes  caused  by  venom  requires  intra¬ 
cellular  complements.  The  experiments  performed  on  the  cells  of 
liver,  kidney,  testis  and  brain  of  the  guinea-pig  and  rat  indicate 
that  the  substances  which  act  as  complements  are  inactivable  by 
calcium  chloride. 


ON  THE  INFLUENCE  OF  THE  REACTION  AND  OF 
DESICCATION  UPON  OPSONINS.^ 


By  HIDEYO  NOGUCHI,  M.D. 

(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

Whether  the  opsonic  property  of  normal  and  immune  serums, 
to  which  the  writings  of  Wright  and  Douglas^  have  called  renewed 
attention  and  endowed  with  special  significance,  is  a  new  and 
hitherto  undescribed  property  of  serum  or  a  special  function  of 
the  usual  immune  bodies  of  serum  is  still  a  question  of  dispute. 

Bulloch  and  Atkin,’  Neufeld  and  Rimpau,*  Barratt,’  Neufeld  and  Topfer,* 
Hektoen,’  and  Keith’  share  the  view  of  Wright  and  Douglas  that  the  opsonic 
action  is  due  to  the  presence  of  certain  hitherto  unrecognized,  distinct  bodies, 
while  Savtchenko,’  Besredka,*’  and  Dean”  are  inclined  to  consider  the  opsonins 
as  identical  with  the  amboceptors  (fixators).  Quite  recently  Muir  and  Martin” 
brought  forth  evidence  that  opsonization  depends  upon  the  cooperation  of  two 
substances,  one  of  which,  at  least,  closely  resembles  complement  of  serum  in 
certain  of  its  biological  properties.  Still  later  Levaditi  and  Inmann”  asserted 
that  opsonin  are  nothing  but  the  complements  of  serum. 

It  is  not  my  intention  to  enter  into  this  discussion,  but,  for  my 
purpose,  it  is  necessary  to  mention  that  in  common  with  comple¬ 
ment,  so-called,  the  opsonins  are  absorbed  or  fixed  by  sensitized 
bacteria,  blood  corpuscles,  specific  precipitates,^^  and  indifferent 

’Received  for  publication  April  30,  1907. 

’Wright  and  Douglas,  Roy.  Soc.  Proc.,  1903,  Ixxii,  357;  1904,  Ixxiii,  128. 

’Bulloch  and  Atkin,  Roy.  Soc.  Proc.,  1905,  Ixxiv,  379. 

’  Neufeld  and  Rimpau,  Deut.  med.  Woch.,  1904,  xxx,  1458. 

’  Barratt,  Roy.  Soc.  Proc.,  1905,  Ixxvi,  524. 

’Neufeld  and  Topfer,  Centralbl.  f.  Bakt.,  etc.,  1905,  xxxviii,  456. 

’  Hektoen,  Jour,  of  Infect.  Diseases,  1906,  iii,  434. 

*  Keith,  Roy.  Soc.  Proc.,  1906,  Ixxvii,  573. 

’Savtchenko,  Ann.  d.  I’ Inst.  Pasteur,  1902,  xvi,  106. 

”  Besredka,  Ann.  d.  I’Inst.  Pasteur,  1904,  xviii,  363. 

”  Dean,  Roy.  Soc.  Proc.,  1905,  Ixxvi,  506. 

”  Muir  and  Martin,  Brit.  Med.  Jour.,  1906,  Pt.  ii,  1783. 

“Levaditi  and  Inmann,  Compt.  rend.  d.  1.  Soc.  d.  Biol.,  1907,  Ixii,  725. 

”  Muir  and  Martin,  Brit.  Med.  Jour.,  1906,  Pt.  ii,  1783. 
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bodies^®  as  well  as  non-sensitized  bacteria/®  and  exhibits  thermo- 
lability  and  susceptibility  to  deterioration  by  age,  similar  to  that 
which  complement  exhibits.  Besides  the  liability  to  undergo  ad¬ 
sorption  and  the  high  degree  of  thermolability,  no  other  character¬ 
istics  of  ferments  have  been  ascribed  to  opsonins.  Were  opsonins 
recognized  as  special  ferments  certain  facts  of  theoretical  and 
practical  import  should  follow.  Among  other  things  we  should 
look  for  an  optimum  of  activity  to  be  exhibited  in  the  presence  of 
a  certain  reaction  which  might  or  might  not  be  that  of  the  sample 
of  serum  which  is  being  studied.  If  the  degree  of  activity  de¬ 
pended  upon  a  given  reaction  then  to  obtain  the  optimum  indica¬ 
tion,  upon  which  alone  a  measure  of  the  quantity  of  opsonin  could 
rest,  this  reaction  would  have  to  be  secured.  I  have,  therefore, 
made  a  study  of  the  influence  of  the  reaction  upon  the  opsonic 
power  of  several  blood  serums  for  B.  typhosus,  B.  dysenteriae, 
Streptococcus,  and  Staphylococcus  aureus. 

The  results  of  these  experiments  harmonize  so  well  that  those 
alone  relating  to  Staphylococcus  aureus  will  be  given  in  this  paper. 

THE  INFLUENCE  OF  THE  REACTION  UPON  OPSONINS. 

The  Influence  of  Alkalinity. — The  degree  of  alkalinity  of  several 
serums  were  first  titrated.  Lacmoid  paper  was  employed  as  indi¬ 
cator.  The  titration  was  conducted  in  the  following  manner.  To 
I  c.c.  of  serum  N.  solution  of  hydrochloric  acid  was  gradually 
added  until  the  reaction  reached  neutral.  The  amount  of  acid 
required  for  complete  neutralization  was  taken  as  representing  the 
degree  of  alkalinity  of  each  serum.  The  resulting  fluid  was  then 
made  up  to  5  c.c.  with  0.9  per  cent,  salt  solution.  Thus  the  final 
mixture  had  a  strength  of  one  fifth  of  the  original  serum.  By  this 
means  it  was  possible  to  prepare  a  series  of  mixtures,  in  which  0.5, 
0.3,  0.2,  o.i  and  null  alkalinity  were  left  unneutralized.  These  fluid 
mixtures  were  used  for  opsonization,  and  the  results  are  given  in 
Table  I.  The  cross  signs  under  each  column  represent  the  average 
number  of  the  bacteria  taken  up  by  a  phagocyte,  each  cross  standing 
for  three  bacteria. 

“Simon,  Lamar  and  Bispham,  Jour,  of  Exper.  Med.,  1906,  viii,  651. 

“  Bulloch  and  Atkin,  Roy.  Soc.  Proc.,  1905,  Ixxiv,  379. 
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The  bacteria  were  Staphylococcus  aureus,  twenty-four  hours 
old,  and  the  leucocytes  human.  The  tubes  were  incubated  at  37° 
C.  for  thirty  minutes,  and  the  technique  employed  was  that  given 
by  Wright. 

TABLE  1. 


Varying  Quantities  of  ^  N.  HCl  Added  to  Leave  the  Indicated  Degree  of  Alkalinity 
Unneutralized.  Total  Volume  5  c.c. 


Original 

Alkalinity. 

Alkalinity 
Left  0.5  c.c. 

Alkalinity 
Left  0  3  c  c. 

Alkalinity 
Left  0  3  c.c. 

Alkalinity 

Left  0.1  c.c. 

Neutral  Re¬ 
action. 

Dog 

0.5  c.c. 

+++ 

+++ 

4-++ 

++++ 

^ — 1 — 1 — h 

++++ 

Ox 

0.7s 

++++ 

++-h-h 

++++ 

+++++ 

+-1-++++ 

++++++ 

P‘g 

0.8 

-| — t-TH — h 

+++++ 

-F++-h+ 

f+++-f+ 

+-K++++  + 

+++++++ 

Rab¬ 

bit 

0.65 

+  +  + 

+++ 

+++ 

++++ 

++++ 

++++ 

As  the  foregoing  table  shows,  a  greater  degree  of  opsonization 
is  obtained  at  the  neutral  reaction  than  at  the  inherent  alkaline 
reactions  of  the  serums. 

For  the  next  series  of  experiments  the  inhibitory  action  of 
alkalinity  upon  opsonins  was  made  more  apparent  by  increasing  the 
alkali  in  an  ascending  scale. 


TABLE  II. 


Original 

1  Amount  of  ,’5  N.  NaOH  Added. 

Total  Volume  5  c.c. 

Alkalinity. 

0 

0.5  c  C. 

X  c.c. 

3  C.C. 

I3  c.c. 

Dog  0.5  c.c. 

W-++ 

+  + 

+ 

Negative 

Negative 

Ox  0.75 

+  — h  + 

+++ 

+ 

U 

Pig  0.8 

H — hH — 1 — h 

H — 

+ 

it 

ti 

Rabbit  0.65 

+++  ! 

-I-+ 

+ 

“ 

it 

When  2  c.c.  of  2V  sodium  hydrate  solution  are  added  to  i'  c.c. 
of  a  serum  the  opsonizing  property  of  the  latter  completely  dis- 


TABLE  III. 


1.  j  Amount  of  N.  NaOH  Added.  Total  Volume  5  c.c. 

Neutralized _ _ _ _ _ 


Serum. 

0 

13  C.C. 

1.4  c.c. 

1.6  c.c. 

1.7  c.c. 

1.8  c.c. 

Dog 

++F+ 

-1-  + 

_L 

± 

Negative 

Negative 

<< 

Ox 

— HH — h 

4"+ 

+ 

± 

P'g 

+++++++ 

+++ 

+ 

± 

it 

Rabbit 

+++  + 

++ 

+ 

± 

H 

1 
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appears;  i  c.c.  of  this  solution  added  to  i  c.c,  of  serum  reduces  the 
opsonic  activity  to  the  minimum.  Table  III  shows  the  maximum 
alkalinity  in  which  opsonins  are  still  able  to  act. 

An  alkali  content  approaching  i.6  c.c.  suppresses  the  activity  of 
opsonins.  It  is  rather  remakable  that  this  degree  of  alkalinity  is 
only  about  twice  as  high  as  that  possessed  by  the  majority  of 
normal  serums. 

In  Table  I.  it  is  shown  that  the  activity  of  opsonin  is  greater  at 
the  neutral  point  than  at  the  alkalinity  possessed  by  normal  serums, 
but  the  difference  was  not  a  marked  one.  In  the  following  experi¬ 
ment  the  inhibitory  influence  of  the  native  alkalinity  is  brought  to 
light  by  means  of  dilution.  The  normal  serum  of  the  pig  was 
neutralized  with  hydrochloric  acid  and  divided  into  two  portions. 
To  one  portion  sodium  hydrate  solution  was  added  to  make  it  con¬ 
tain  just  enough  alkali  to  reproduce  the  original  degree  of  alkalin¬ 
ity,  namely,  0.8  c.c.  of  N.  To  the  second  portion  no  alkali  was 
added,  but  it  was  employed  in  the  neutral  reaction.  These  two 
portions  were  used  for  opsonization  in  ascending  dilutions. 


TABLE  IV. 


Pilution  of  the  Neutral*  ; 
ized  Serum  (Pig).  j 

i 

Alkalinity  N.  NaOH 

0  8  c.c. 

Alkalinity  ^  N.  NaOH  0.8  c  c. 
Neutralized  Back  with 

N.  HCl  0.8  c.c. 

Control  in  Saline  with 
Neutralized  Serum 
Alone. 

1:5 

+-!-+++ 

-1-+++++ 

++++++ 

1:7 

++++ 

H — 1 — 1 — f-+ 

+  "1 — 1 — 1 — h 

l:lo 

— h  + 

“i — 1“+ 

+++ 

1:15 

4- 

+H — h 

+++ 

I;  20 

++ 

-i-i- 

1:25 

— 

++ 

++ 

1:30 

— 

++ 

++ 

1:3s 

— 

+ 

+ 

1:40 

.  — . 

+ 

+ 

1:50 

— 

— 

— 

1:60 

— 

— 

— 

1:80 

— 

— 

— 

As  Table  IV.  shows,  the  alkali  restrained  the  opsonic  action 
markedly  and  the  minimum  opsonization  with  the  alkalinized  por¬ 
tion  was  between  1:15  and  i :  20,  while  the  neutral  portion  was 
still  active  at  i ;  30  to  i :  40  dilutions.  This  restraining  effect  of 
alkali  was  not  so  evident  in  the  concentrated  state  of  the  serum, 
but  was  rapidly  developed  as  the  dilution  was  increased.  It  may 
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be  remarked  in  passing  that  the  inhibitory  influence  of  the  reac¬ 
tion  on  ferments  is  by  no  means  a  quantitative  one.  No  matter 
how  large  a  quantity  of  ferment  is  present  in  a  mixture  no  action 
follows  if  the  reaction  is  highly  unfavorable.  When  the  reaction 
is  merely  such  as  to  inhibit  partially,  only  so  much  effect  is  ob¬ 
tained  as  the  degree  of  optimum  permits.  Under  such  circum¬ 
stances,  the  greater  portion  of  ferment  may  remain  inactive.  It  is 
only  when  ferment  finds  itself  in  a  fluid  of  optimum  reaction  that 
real  quantitative  differences  can  be  manifested.  The  opsonic  in¬ 
dices  can  seldom  be  driven  beyond  four,  and  usually  not  beyond  two 
or  three,  in  spite  of  repeated  vaccination  with  bacteria.  The  reason 
for  this  limit  is  not  at  once  apparent,  but  it  is  not  improbable  that 
even  here  the  reaction  of  the  serum  may  play  a  part.  Judging  from 
my  experiments,  the  estimation  of  the  opsonic  index  should  be  made 
at  the  neutral  reaction  and  in  a  diluted  serum.  The  advisability 
of  dilution  has  been  pointed  out  especially  by  Simon  and  his  co¬ 
workers;  and  with  this  idea  the  results  of  Neufeld  and  Rimpau 
with  certain  immune  serums  agree. 


The  Influence  of  Acidity. — Opsonins  having  been  shown  to  be 
more  active  in  a  neutral  than  in  an  alkaline  medium,  the  next  point 
to  be  examined  was  the  influence  of  the  acid  reaction  upon  the  opso¬ 
nization.  Table  V  shows  that  opsonins  are  highly  sensitive  to  the 
acid  reaction. 

TABLE  V. 


Amount  of  j’j  N.  HCl  Added  to  the  Neutralized  Serum.  Total  Volume  $  c.c. 


Serum. 

0 

j  0.1  c  c. 

0.3  C.C. 

0.3  c.c. 

0.5  c.c. 

0.7  c  c. 

Dog 

H — t-H — h 

+++ 

-t-+ 

+ 

!  db 

Negative 

Ox 

-b+-b-l-+-l- 

-j — i"!- 

_i — j_ 

+ 

d: 

Pig 

H — 1 — hH — 1 — 1 — h 

++4-+-b 

+ 

± 

Rabbit 

-1-+++ 

-h4-+ 

-t- 

d: 

<( 

If  to  the  neutral  serum  is  added  0.5  c.c.  of  5^  hydrochloric 
acid  solution,  no  opsonic  action  is  to  be  obtained.  The  quantity 
of  acid  indicated  in  the  table  was  added  to  an  amount  of  the  neu¬ 
tralized  serum  corresponding  to  i  c.c.  of  the  original. 
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Are  Bacteria  Opsonized  in  the  Presence  of  Unfavorable  Reaction  f 
The  restoration  of  opsonic  activity. 

Bacteria  suspended  in  a  serum  which  contains  enough  acid  or 
alkali  to  suppress  opsonization  under  ordinary  conditions  were  cen- 
trifugalized  and  washed  in  0.9  per  cent,  salt  solution.  The  washed 
bacteria  were  then  mixed  with  leucocytes  and  incubated  as  usual. 
It  was  found  that  these  bacteria  were  not  taken  up  by  leucocytes. 
Thus  it  can  be  concluded  that  when  the  reaction  is  unfavorable, 
opsonins  do  not  attach  themselves  to  the  bacteria.  An  analogous 
phenomenon  was  encountered  by  Hektoen  and  Ruediger^'^  in  the 
case  of  certain  antiopsonic  neutral  salts. 

In  these  respects,  opsonins  seem  to  differ  from  most  bacterio¬ 
lytic  and  haemolytic  amboceptors,  for  they  sensitize  the  correspond¬ 
ing  cells  in  a  medium  containing  an  inhibitory  amount  of  acid  for 
opsonins.  The  sensitiveness  of  opsonins  to  slight  degrees  of  acid 
and  alkali  is  similar  to  complement,  although  opsonins  surpass 
complements  in  sensitiveness. 

The  fact  was  ascertained  that  inactivation  of  opsonins  by  means 
of  an  unfavorable  reaction  is  a  reversible  reaction.  If  the  excess 
of  acid  or  alkali  is  removed  by  neutralization  the  opsonins  become 
active  once  more.  In  this  respect  they  resemble  complements,^® 
A  difference  is  observed  in  that  opsonins  are  more  active  in  neutral 
media,  and  complements  more  active  in  alkaline  media.  Further 
calcium  chloride  reduces  the  action  of  complements  but  not  of 
opsonins,  provided  the  concentration  of  this  chemical  used  does  not 
exceed  ^  N. 

Organic  and  inorganic  acids  in  concentration  of  i  N.  render  the 
serum  opsonically  inactive  even  after  neutralization.  The  modifi¬ 
cation  produced  is  irreversible. 

Before  leaving  this  topic,  I  wish  to  speak  of  an  incident  concern¬ 
ing  the  effect  of  small  quantities  of  acids  on  the  opsonic  power  of 
serum.  At  the  beginning  of  this  study,  I  employed  solution 

of  various  acids — hydrochloric,  nitric,  sulphuric,  formic,  acetic, 
propionic,  lactic,  butyric,  oxybutyric,  citric,  tartaric,  oxalic,  male- 

”  Hektoen  and  Ruediger,  Jour,  of  Infect.  Diseases,  1905,  ii,  528. 

“  Noguchi,  On  the  chemical  inactivation  and  regeneration  of  complement. 
Read  at  the  annual  meeting  of  the  Society  of  American  Bacteriologists,  Dec. 
28,  1906. 
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inic,  fumaric,  itaconic,  citraconic  and  glycerino-phosphoric — and  as 
each  in  turn  was  added  in  small  quantities  to  the  serum  the  opsonic 
index  was  observed  to  rise.  Contrary  to  my  expectation,  the  addi¬ 
tion  of  acid  gradually  but  perceptibly  increased  the  opsonic  power 
of  the  serum.  This  first  led  me  to  think  that  acids  might  them¬ 
selves  act  as  opsonins.  But  the  power  was  not  further  increased 
as  the  neutral  point  was  reached,  and  from  that  point  on,  the  in¬ 
creasing  acidity  finally  suppressed  it  altogether. 

EFFECT  OF  DESICCATION  AND  DRY  HEAT  ON  OPSONINS. 

Effect  of  Desiccation. — Opsonins  are  highly  labile  bodies.  Their 
action  disappears  from  the  serum  when  it  is  allowed  to  stand  for  sev¬ 
eral  days.  In  this  respect  they  resemble  complements.  But  no 
experiment  has  been  recorded  which  tells  us  whether  opsonins  are 
obtainable  in  the  dry  state  or  not.  I  have  tested  this  point.  Normal 
serums  of  dog,  ox  and  pig  were  dried  at  23°  C.  with  the  aid  of 
an  air  current,  and  the  dissolved  masses  were  tested  again  for  their 
opsonic  power.  It  was  found  that  the  opsonic  power  of  the  serum 
is  not  noticeably  reduced  by  drying  in  this  way.  The  next  point 
was  whether  the  opsonins  would  endure  longer  in  the  dried  state. 
To  determine  this,  I  employed  three  samples  of  dried  serum  which 
had  been  preserved  in  the  laboratory  for  two  years.  The  serums 
were  obtained  from  the  rattlesnake,  horse  and  ox,  and  were  dried 
at  a  temperature  approaching  48°  C.  Although  I  am  unable  to 
state  the  original  activity  at  the  time  of  drying,  I  can  state  that 
all  three  serums  exhibited  marked  opsonic  powers.  Thus  opsonins, 
once  they  are  dried,  are  not  labile  substances. 

On  the  other  hand,  dehydration  of  serum  by  means  of  alcohol 
renders  the  opsonins  completely  inactive.  This  fact  would  show 
that  opsonins  differ  at  least  in  this  respect  from  many  ferments, 
which  stand  treatment  with  alcohol,  if  not  too  prolonged. 

Effect  of  Dry  Heat. — The  normal  serum  is  robbed  of  its  opsonic 
power  by  temperatures  ranging  from  55°  to  60°  C.  Even  immune 
serums,  which  are  the  most  resistant  in  this  respect,  lost  the  greater 
part  of  their  opsonic  power  at  these  temperatures,  although  traces 
may  persist  in  a  serum  heated  to  65°  C.  On  the  whole,  opsonins 
are  more  thermostabile  than  complements,  although  less  than  the 
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usual  immune  bodies.  The  slight  difference  in  the  thermal  resis¬ 
tance  obtained  by  different  investigators  may  depend  upon  differ¬ 
ences  in  the  reaction  or  some  other  physical  or  chemical  conditions 
under  which  the  tests  were  made. 

Opsonins  resemble  ferments  in  their  behavior  to  high  temperature 
in  the  dry  state.  I  have  subjected  the  dried  serums  of  ox,  rabbit 
and  dog  to  the  temperature  of  ioo°,  120°,  135°  and  150°  C.,  and 
then  tested  them  for  their  opsonizing  power.  When  the  serums 
are  heated  to  120°  C.  and  above,  they  become  almost  insoluble  in 
water.  To  examine  their  activity,  they  must  be  powdered  and 
emulsified  in  water.  The  bacterial  emulsions  were  added  to  the 
former  emulsions  and  the  whole  incubated  at  37°  C.  for  two  hours. 
The  result  is  given  in  Table  VI. 

TABLE  VI. 

I  Opsonic  Activity  of  the  Heated  or  Unheated  Dried  Serum. 


Unheated 
Dried  Serum. 

Dried  Serum 
Heated  to 
100'^  c  c. 

Dried  Serum 
Heated  to 
120°  C. 

Dried  Serum 
Heated  to 
•35°  C. 

1 

Dried  Serum 
Heated  to 

150°  c. 

Unheated 
Dried  Serum, 
Redissolved 
and  then 
Heated 
to  56°  C. 

Ox  serum 

Active  j 

Active 

1  Active 

Less  active, 

Very  irregu¬ 

Negative. 

Rabbit  serum 

Iphagocytosis  phagocytosis  phagocytosis 

but  positive. 

lar  occur¬ 
rence  of 
phagocytosis 

(vaccinated) 
Dog  serum 

« 

« 

(( 

« 

ii 

ii 

From  the  foregoing  experiment  a  high  degree  of  resistance  of 
the  dried  opsonins  to  high  temperatures  may  be  inferred.  It  is 
important  to  note  that  the  dried  serums  regain  their  thermolability 
when  redissolved  in  water,  as  is  shown  in  the  last  column  of  the 
table. 

Hence,  it  would  appear  that  opsonins  possess  in  common  with 
ferments  the  property  to  resist  in  the  dry  state  the  action  of  high 
temperatures. 

In  the  course  of  the  experiments  on  desiccation  and  high  tem¬ 
perature  on  opsonins,  I  took  the  opportunity  of  examining  comple¬ 
ments  in  the  same  manner. 

It  developed  that  complements  do  not  disappear  from  the  serum 
when  it  is  dried  at  23°  C.  The  desiccated  serum  retained  for  sev¬ 
eral  months  complements  unaltered  in  quantity  and  in  activity. 
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Heating  the  dried  serum  to  ioo°,  120°  and  135°  C.  does  not 
deprive  it  of  complementary  action. 

SUMMARY. 

Opsonins  reveal  their  maximum  action  in  a  medium  of  neutral 
reaction.  No  opsonization  takes  place  in  a  serum  which  contains 
an  amount  of  alkali  corresponding  to  more  than  1.6  c.c.  of  a  2V 
N.  solution,  or  acid  more  than  0.5  c.c.  of  this  concentration  per  i 
c.c.  of  serum.  Of  several  normal  blood  serums  titrated  (lacmoid 
used  as  indicator)  the  average  alkalinity  was  found  to  be  equiva¬ 
lent  to  about  0.8  C.C.  of  5V  solution. 

The  opsonic  index  obtained  in  the  native  serums  is  not  the  ex¬ 
pression  of  the  action  of  the  whole  content  of  opsonins,  but  only 
so  much  as  the  degree  of  optimum  of  the  reaction  permits  to  come 
into  action.  Estimation  of  the  opsonic  power  should,  therefore, 
be  made  in  a  medium  of  neutral  reaction  and  in  diluted  serum. 

All  serums  have  their  opsonic  power  increased  by  diminishing 
the  native  alkalinity. 

Opsonins  whose  activity  is  suspended  by  an  unfavorable  reaction 
become  immediately  active  as  soon  as  the  reaction  is  brought  back 
to  the  neutral  point,  unless  the  acid  or  alkali  employed  approaches 
the  strength  of  i  N.,  at  which  point  the  alteration  becomes  per¬ 
manent. 

Treatment  of  a  serum  with  alcohol  robs  it  of  its  opsonic  power. 
The  opsonic  power  of  serum  remains  unaltered  upon  desiccation  at 
23°  C.  In  the  dry  state  opsonins  are  preserved  for  two  years. 

The  temperatures  of  100°,  120°,  135°  and  150°  C.  do  not  destroy 
opsonins  of  the  dried  serum. 

Complements  of  serum  are  also  siccostabile  and  are  preservable 
in  that  state  for  several  months.  Dry  heat  of  135°  C.  reduces  but 
does  not  destroy  the  complementary  power  of  the  dried  serum. 

The  opsonins  and  complements  of  the  dried  serum  regain  their 
original  thermolability  when  they  are  dissolved  in  a  proper  amount 
of  water. 

Lastly,  it  may  be  emphasized  that  opsonins  exhibit  in  their  sen¬ 
sitiveness  to  reaction  and  resistance  in  the  dry  state  to  high  tempera¬ 
tures  certain  properties  characteristic  of  the  ferments. 


SPIROCH^TA  (TREPONEMA)  PALLIDA  AND 
SYPHILIS. 


By  SIMON  FLEXNER,  M.D. 

(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 

Plate  XVII. 

The  extensive  bibliography  on  experimental  syphilis  and  spiro- 
chaeta  pallida  has  been  brought  together  and  reviewed  recently  by 
Hoffmann,^  Neisser,^  R.  Kraus,®  Glass, ^  and  Buschke  and  Fischer,® 
in  whose  publications  the  present  state  of  our  knowledge  on  these 
subjects  can  be  readily  found.  The  weight  of  opinion  is  strongly 
in  favor  of  accepting  the  transmissibility  of  the  syphilitic  virus  to 
the  lower  and  the  higher  monkeys,  and  to  the  eyes  of  rabbits, 
guinea-pigs®  and  dogs.'^  The  almost  constant  demonstration  of 
spirochseta  pallida  in  syphilitic  products  and  in  the  organs  of 
foetuses  and  infants  inheriting  active  forms  of  syphilis,  and  the 
close  association  of  the  spirochsete  with  the  specific  lesions,  has  led 
the  majority  of  workers  in  this  field  to  look  upon  the  pallida  as  the 
probable  cause  of  syphilis.  The  criticisms  which  have  been  made 
of  this  view  have,  in  the  main,  not  weakened  it  seriously,  and  must, 
in  the  nature  of  things,  remain  as  criticisms  until  such  time  as 
the  pallida  is  obtained  in  pure  cultivations  with  which  inoculation 
tests  can  be  carried  out.  Apparently  we  are  no  nearer  the  cultiva¬ 
tion  of  the  pallida  than  we  were  immediately  after  its  discovery. 
The  criticism  that  has,  in  the  past,  aroused  the  largest  degree  of 
interest  holds  that  the  tissue  spirals,  exhibited  by  silver  impregna- 

‘  Hoffmann,  Die  Atiologie  der  Syphilis  nach  dem  gegenwartigen  Stand  unserer 
Kenntnisse,  Berlin,  1907. 

*  Neisser,  Die  experimentelle  Syphilisforschung  nach  ihrem  gegenwartigen 
Stande,  Berlin,  1906. 

’  Kraus,  Handbuch  der  Hautkrankeiten,  1905,  p.  318. 

*  Glass,  Inaug.-Diss.,  Leipzig,  1906. 

'  Buschke  and  Fisher,  Arch.  f.  Dermatol,  u.  Syphilis,  1906.  Ixxxii,  63. 

*Bertarelli,  Cent.  f.  Bakt.,  Orig.,  1907,  xliii,  448. 

'  Hoffmann  and  Bruning,  Deut.  mcd.  Woch.,  1907,  xxxiii,  553. 
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tion,  are  not  micro-organisms,  but  histological  structures  such  as 
nerve  filaments,  cement  lines,  elastic  fibrils,  etc.  Saling  and  W. 
Schultze®  especially  have  championed  this  view  which  has  found 
some  adherents.  The  force  of  it  has  undoubtedly  been  consider¬ 
ably  enhanced  by  the  fact  that  a  method  for  staining  the  pallida 
in  tissues  by  means  of  aniline  dyes  has  not  been  found,  and,  at  the 
time  of  its  promulgation,  a  method  for  silver  staining  of  the  pallida 
in  film  preparations  had  also  not  been  found.  It  was  possible  to 
stain  the  pallida  quite  constantly  in  film  preparations  with  Giemsa’s 
stain,  with  Proca’s  stain  and  with  many  other  special  aniline  stains ; 
but  often  there  was  observed  a  striking  disproportion  between  the 
large  numbers  of  spirals  of  pallida  form  impregnated  in  tissues  with 
silver  and  the  smaller  number  demonstrable  with  anilines  in  the 
films.  Differences  in  size  and  thickness  of  the  spirals  have  also 
been  noted  and  described,  depending  upon  whether  they  were  seen 
in  film  preparations  stained  with  anilines  when  they  appeared  thin 
and  delicate,  or  in  tissues  impregnated  with  silver  when  they  ap¬ 
peared  thicker  and  coarser.  All  these  disagreements  have  been 
used  to  discredit  the  micro-organismal  nature  of  the  spirals  and 
the  identity  of  the  film  and  the  tissue  spirals.  The  discussion  pro¬ 
voked  by  Saling  and  Schultze’s  criticism  has  been  wholesome  in 
bringing  out  rapidly  new  facts  relating  to  the  pallida  that  would 
probably  have  come  out  finally,  and  which  tend  to  strengthen  the 
view  of  its  aetiological  position  in  syphilis.  Muhlens®  has  under¬ 
taken  to  give  a  categorical  refutation  of  Saling  and  Schultze’s 
claims. 

My  interest  in  spirochieta  pallida  began  soon  after  its  description 
by  Schaudinn  and  Hoffmann  and  has  continued  until  the  present 
time.  I  have  not  worked  continuously  with  the  pallida  in  relation 
to  syphilis  during  the  intervening  period,  but  I  have  taken  pains  to 
collect  experience  regarding  the  subject.  Through  the  courtesy 
of  the  staff  of  the  City  Hospital  and  of  Dr.  Ryder  of  the  Sloane 
Maternity  Hospital,  I  have  had  numerous  opportunities  to  study 
cases  of  acquired  and  congenital  syphilis  and  other  venereal  diseases. 

'Saling,  Cent.  f.  Bakt.,  Orig.,  1906,  xli,  712,  812;  1906,  xlii,  38,  120.  Schultze, 
Berl,  klin.  IVoch.,  1906,  xliii,  1213;  1906,  xliii,  1654. 

*  Muhlens,  Cent.  f.  Bakt.,  Orig.,  1907,  xliii,  586,  674. 


466  Spirochceta  (Treponema)  pallida  and  Syphilis. 

I  have  collected  notes  on  the  occurrence  of  the  pallida  in  a  wide 
variety  of  syphilitic  lesions  and  on  the  relation  of  film  and  tissue 
spirals  which  are  essentially  in  accord  with  the  experiences  of  others 
who  have  worked  with  a  large  and  varied  material.  The  dis¬ 
crepancies  in  numbers  met  with,  I  have  endeavored  to  remove  in  the 
case  of  films,  by  employing  the  Proca  staining  method,  without  the 
alcohol  fixation,  with  a  view  to  enhancing  the  action  of  the  mordant 
and  increasing  the  certainty  of  the  staining  result.  This  modifica¬ 
tion  is  an  advantage  in  certain  instances,  since  by  means  of  it  more 
uniform  staining  of  the  pallida  could  be  obtained  than  with  the 
original  method  or  with  Giemsa’s  stain  in  any  of  its  several  ways 
of  application.  But  my  experience  taught  me  that  other  factors 
beside  the  aniline  stain,  or  the  particular  manner  of  its  application, 
affected  the  result.  Just  what  these  factors  are,  I  cannot  say,  but 
they  affect  either  the  pallida  itself  or  the  medium  in  which  it  lies. 
The  conclusion  I  reached  is  that  silver-impregnation  often  exhibits 
many  more  spirals  than  the  aniline  dyes  because  it  is  effective  under 
conditions  which  interfered  with  the  anilines’  giving  a  differential 
result.  I  experimented  somewhat  with  the  direct  silver  staining  of 
spirochaetse  in  film  preparations  without  success,  until  Stern^®  pub¬ 
lished  his  method  which  is  very  simple  and  very  effective  and  has 
already  removed  many  of  the  discrepancies  which  I  had  previously 
observed.  With  this  introduction,  I  propose  to  record  a  few  of 
my  notes,  since  they  bear  upon  certain  contested  points  in  the 
aetiology  of  syphilis. 

Appearance  and  Persistence  of  Spirochceta  pallida  in  Secondary  Lesions. — 
The  patient,  a  young  woman,  was  exposed  to  venereal  infection  in  November, 
1506,  and  noticed  the  first  lesions,  consisting  of  condylomata  and  skin  maculae, 
in  February,  1907.  I  first  saw  the  patient  early  in  March,  at  which  time  the 
condylomata  had  nearly  disappeared,  but  the  maculae  were  distinct  over  the 
back  and  chest.  On  March  second,  there  appeared  on  the  lower  lip,  near  the 
left  angle  of  the  mouth,  an  elevated  flat  papule  of  pale  grey  color,  covered  with 
intact  epithelium.  The  epithelial  layer  was  lightly  scraped  away  with  a  curette 
and  impression  and  smear  films  made  from  the  exuded  serum.  The  films  stained 
by  the  modified  Proca  and  by  the  Giemsa  method  gave  very  many  typical  S. 
pallida.  The  patient  was  at  this  time  receiving  deep  injections  of  mercurial 
salts.  The  papule  increased  in  size  in  the  next  days,  and  on  the  twelfth  in¬ 
stant,  a  second  examination  was  made  with  similar  results.  On  the  twentieth 
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instant,  the  papule  was  stationary  and  the  examination  gave  many  typical 
pallida.  On  April  12,  this  papule  had  begun  to  regress  and  a  second  papule, 
smaller  in  size,  made  its  appearance  on  the  lower  lip  near  the  opposite  angle  of 
the  mouth.  Films  made  from  both  papules  on  this  date  showed  fewer  pallida 
in  the  first  lesion  than  on  the  previous  examinations,  and  pallida  in  the  second 
lesion  but  fewer  in  number  than  in  the  first  papule.  These  papules  were  ex¬ 
amined  at  intervals  of  one  or  two  weeks,  until  they  gradually  disappeared.  The 
second  one  to  develop  was  never  as  rich  as  the  first  in  pallida;  and  the  first 
papule  continued  to  show  pallida  in  diminishing  numbers  until  its  final  dis¬ 
appearance  about  June  i.  During  this  period  of  examination,  other  papules 
appeared  on  the  tongue  and  pharynx  and  they  showed  the  pallida  on  examina¬ 
tion.  While  these  lesions  were  developing  or  remaining  stationary,  the  skin 
maculae  were  disappearing. 

The  films  from  the  papules  of  the  lip  never  showed  any  micro-organism 
except  S.  pallida,  while  those  from  the  tongue  and  pharynx,  with  which  the 
mouth  secretions  became  admixed,  showed  other  micro-organisms  including  the 
mouth  spirals.  It  is  worth  mentioning  that  evidences  of  degeneration  or  dis¬ 
solution  were  not  found  in  the  pallida  obtained  from  the  disappearing  lesions  of 
the  lip.  During  the  stationary  period,  the  number  of  pallida  was  large  and  the 
forms  distinct.  The  number  of  the  pallida  decreased  very  slowly,  even  when 
regression  of  the  lesion  set  in,  but  the  forms  remained  distinct.  Fragmented 
spirals  were  never  observed. 

A  large  number  of  films  were  prepared  at  the  different  examinations  and 
stored  in  the  refrigerator  at  2°-4°C.  They  retained  their  staining  properties 
unimpaired  for  many  months.  Subsequently,  some  of  these  were  stained  directly 
with  silver  nitrate  which  brought  out  the  spirals  with  great  distinctness.  The 
number  exhibited  was  about  the  same  as  was  shown  by  the  Proca  stain  and 
depended  somewhat  upon  the  length  of  immersion  in  the  silver  bath.  The  silver 
is  precipitated  slowly  upon  the  spirals,  and  hence  a  deeper  and  more  complete 
impregnation  is  secured  after  an  exposure  of  from  three  to  five  days  than  after 
a  shorter  exposure.  When  the  impregnation  is  less  perfect,  the  spirals  appear 
broken  into  a  series  of  comma-like  figures,  or  they  are  indicated  by  a  sinuous 
line  of  dots.“  Longer  immersion  usually  brings  out  the  unbroken  spirals  in 
strong  relief.  The  precipitation  in  the  blood  corpuscles  and  serum  is  so  fine 
as  to  give  merely  a  faintly  colored  ground  against  which  the  intensely  black 
pallida  stand  out  sharply.  Disturbing  coarse  precipitates  do  not  occur.  Heavier 
films  can  be  employed  for  the  silver  impregnation  than  for  many  of  the  anilines.” 

This  case  is  of  interest  in  showing  the  close  and  immediate  con¬ 
nection  of  spirochseta  pallida  with  the  developing  and  persisting 

”  Stern,  op.  cit. 

“The  length  of  the  immersion  in  the  silver  bath  will  be  determined  by  the 
strength  of  light  to  which  the  immersed  films  are  exposed.  It  is,  I  think,  better 
to  employ  very  weak  and  diffuse  light  and  not  strong  diffuse  light,  so  as  to 
bring  the  silver  down  slowly  and  to  avoid  deep  coloration  and  objectionable 
precipitations.  The  direction  of  Stern  to  wait  until  a  metallic  film  appears  is 
useful,  but  this  film  often  appears  before  the  impregnation  is  complete.  Ex¬ 
cessive  impregnation  causes  the  spirals  to  appear  coarser  and  of  uneven  contour. 
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secondary  lesions  of  syphilis,  and  the  gradual  disappearance  of  the 
pallida,  without  exhibiting  direct  evidences  of  dissolution,  with 
the  regression  of  the  lesions.  The  facts  observed  are  interesting 
for  another  reason,  namely,  that  the  number  of  the  pallida  brought 
out  on  the  films  was  about  equal  by  the  mordanting  Proca  stain, 
by  the  Giemsa  stain  (immersion  for  one  or  two  days),  and  by  the 
silver  impregnation  method. 

Apparent  Discrepancy  in  the  Finding  of  S.  pallida  upon  the  Surface  and  in 
the  Interior  of  Lesions. — The  patient  was  a  young  woman  who  presented  many 
typical  flat  condylomata  about  the  vulva  and  anus.  Film  preparations  from  a 
superficial  scraping  of  a  condyloma  stained  by  Proca’s  and  Giemsa’s  method 
showed  many  spirochaetae  of  the  pallida  type,  some  of  the  refringens  type  and 
other  micro-organisms.  Three  days  after  the  examination,  the  treatment  in 
the  interim  having  consisted  of  calomel  powder,  a  condyloma  was  excised.  Im¬ 
pression  and  smear  preparations  from  the  interior  of  the  lesion  were  stained  by 
the  methods  used  for  the  superficial  scrapings,  but  no  spiral  or  other  micro¬ 
organisms  were  shown.  A  very  careful  and  laborious  search  was  made  of  many 
films  without  finding  any  pallida.  After  the  silver  impregnation  had  been  used 
successfully  on  films  from  other  cases,  it  was  applied  to  the  films,  some  of  which 
had  been  preserved  in  the  refrigerator,  prepared  from  the  interior  of  the  con¬ 
dyloma.  All  the  films  impregnated  with  silver  showed  typical  pallida  type  of 
spirals. 

The  second  patient  was  a  man  who  presented  himself  some  weeks  after  the 
appearance  of  an  ulcerated  lesion  of  the  glans  penis.  A  typical  skin  eruption 
and  general  adenitis  existed.  Circumcision  was  performed,  and  when  I  ex¬ 
amined  the  patient,  the  ulcer  was  clean  and  indurated.  Films  were  made  from 
the  lymph  exuded  after  light  curetting.  No  spiral  organisms  could  be  found 
upon  staining  with  the  Proca  and  the  Giemsa  methods.  Silver  impregnation 
gave  a  small  number  of  typical  spirals  of  the  pallida  type. 

A  discrepancy  has  been  noted  repeatedly  in  the  number  of  pallida 
shown  in  films  and  the  far  greater  number  shown  in  tissues  impreg¬ 
nated  successfully  with  silver,  and  certain  discrepancies  have  also 
been  noted  in  the  clinical  appearances,  suggesting  unmistakable 
syphilitic  infection  and  the  successful  demonstration  of  the  pallida 
in  the  lesions.  It  is  true  that  with  the  development  of  greater 
facility  in  examination,  fewer  failures  in  these  examinations  have 
to  be  recorded;  but  it  is  also  true  that  the  number  of  pallida  demon¬ 
strable  in  the  films  may  be  very  small.  It  would  appear  as  if  the 
medium  in  which  the  pallida  at  times  finds  itself  may  affect  the 
staining  result  considerably.  I  am  inclined  to  regard  the  medium 
as  influencing  the  staining  in  certain  instances  rather  than  a  peculiar 
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condition  of  pallida  itself.  Apparently  the  unfavorable  condition 
of  medium  is  less  effective  against  the  silver  impregnation,  and 
hence  I  am  disposed  to  think  that  by  employing  it  systematically  in 
this  class  of  examinations  fewer  discrepancies  will  have  to  be 
recorded  in  the  future.  A  very  striking  example  of  the  great  value 
of  the  silver  impregnation  of  the  films  is  supplied  by  an  examina¬ 
tion  of  a  macerated  foetus,  the  facts  of  which  follow. 

Congenital  Syphilis  with  Colony-like  Masses  of  S.  pallida. — The  mother  had 
three  previous  pregnancies.  The  first  was  normal,  the  child  dying  at  three 
months  of  age;  the  second  was  a  miscarriage  at  the  third  month;  the  third 
child  was  still  born.  Two  years  ago,  she  had  a  general  rash  followed  by 
pharyngitis  and  alopecia  and  ulcers  of  legs.  Scars  of  the  last  still  remain.  The 
mother  felt  signs  of  life  in  her  present  pregnancy  until  two  weeks  before  entering 
hospital.  During  the  two  days  she  was  in  hospital  before  the  miscarriage, 
no  signs  were  discovered.  Miscarriage  at  about  the  seventh  month.  Moderate 
degree  of  maceration  of  foetus;  no  decomposition.  The  epidermis  had  come 
way  over  a  large  part  of  the  surface  of  the  body  exposing  a  pinkish  cutis  show¬ 
ing  punctate  haemorrhages.  The  peritoneal  cavity  contained  much  dark,  blood¬ 
stained  fluid.  The  organs  were  moderately  macerated.  Films  were  made  from 
the  skin  surfaces,  the  lungs,  liver  and  adrenal  glands  and  were  stained  by  Proca’s 
method  and  impregnated  with  silver. 

The  Proca-stained  films  show  a  small  number  of  pallida  in  the  skin  and 
adrenal  gland;  while  the  corresponding  films  impregnated  with  silver  show  large 
numbers  of  pallida.  The  microphotograph  (Plate  XVII,  Fig.  i)  shows  a  colony¬ 
like  mass  and  outlying  smaller  groups  of  the  pallida  present  in  a  silver-impreg¬ 
nated  film  from  the  skin  magnified  one  thousand  diameters,  and  the  microphoto¬ 
graph  (Plate  XVII,  Fig.  2)  shows  a  number  of  isolated  pallida  of  the  same  film 
magnified  two  thousand  diameters.  Evidence  of  transverse  division  is  seen 
among  the  spirochsetae. 

The  films  prepared  from  this  foetus  show  clearly  the  great  dis¬ 
crepancy  which  may  occur  between  the  results  obtained  by  aniline 
staining  and  silver  impregnation  of  the  pallida.  There  can  be  no 
doubt  that  the  masses  of  pallida  brought  out  in  the  films  by  the 
silver-impregnation  agree  better  with  the  appearances  presented  by 
silver-impregnated  tissues  than  the  smaller  numbers  shown  by 
the  aniline  dye.  That  the  pallida  grows  sometimes  in  large  felted, 
colony-like  masses  on  the  cutis  is  proven  by  this  observation. 
Whether  equal  growth  ever  takes  place  in  the  living  tissues,  or 
whether  it  is  only  in  the  dead  foetal  tissues  retained  in  utero  that 
such  development  takes  place,  is  an  open  question.  Doubtless  foetal 
tissues  are  very  favorable  to  the  multiplication  of  the  pallida,  and 
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it  is  easily  conceived  that  the  dead,  sterile  tissues  of  the  foetus  main¬ 
tained  at  body  temperature,  might  form  a  suitable  soil  for  un¬ 
restricted  growth  of  the  spirochaetse.  Many  of  the  changes  taking 
place  in  the  tissues  of  the  macerated  foetus  are  the  result  of  auto¬ 
lysis  ;  but  the  products  of  this  autolysis  are  without  active  dissolving 
effect  on  the  pallida  and  they  would  appear,  in  view  of  the  possibility 
of  post-mortem  development  of  the  pallida  just  suggested,  not  to 
restrain  effectively  its  growth.  I  have  evidence  (see  below)  that 
the  pallida  is  far  less  subject  to  the  disintegrative  influences  of 
autolytic  tissue  ferments  than  the  body  cells.  On  the  other  hand,  I 
have  studied  the  tissues  from  a  congenitally  syphilitic  child,  dying 
on  the  1 2th  day  after  birth,  in  which  such  a  rich  development  of 
the  pallida  had  taken  place  in  the  lungs  and  liver  (perhaps  elsewhere 
also)  as  to  recall  the  masses  seen  in  the  film  from  the  skin  just 
described.  Since  so  much  stress  had  been  laid  by  some  critics  of 
the  pallida  in  relation  to  syphilis  upon  an  apparent  discrepancy  in 
the  number  of  the  pallida  occurring  in  macerated  foetuses  and  in 
syphilitic  infants  born  alive,  I  shall  describe  briefly  this  instance  and 
two  or  three  others  bearing  on  the  latter  point. 

Spirochata  pallida  in  Congenitally  Syphilitic  Infants. — Case  i.  Infant  died 
on  the  twelfth  day  after  birth  from  repeated  and  uncontrollable  haemorrhages 
from  the  umbilical  cord  and  the  gastro-intestinal  mucosa.  Autopsy  performed 
twenty-four  hours  after  death.  The  histological  examination  showed  syphilitic 
pneumonia,  and  interstitial  hepatitis,  splenitis,  pancreatitis  and  nephritis.  The 
lung  and  liver  were  impregnated  with  silver  nitrate  by  the  original  Levaditi 
method.  The  lung  sections  show  countless  myriads  of  the  pallida  in  the  in¬ 
terstitial  tissue  and  in  the  alveoli  containing  the  desquamated  epithelium,  and 
surrounding  and  penetrating  within  the  lumen  of  the  bronchi.  Many,  but  fewer, 
pallida  are  present  in  the  liver  sections  within  and  between  the  liver  cells  and 
in  the  interstitial  tissue. 

Case  2.  Infant  lived  one  day.  Autopsy  twenty-four  hours  after  death.  Ana¬ 
tomical  diagnosis :  white  pneumonia ;  syphilitic  perisplenitis,  hepatitis  and  ne¬ 
phritis.  Sections  of  the  lungs  and  liver  show  many  typical  spirochsetae  pallidae. 

Case  3.“  Premature  infant;  lived  three-quarters  of  an  hour.  Mother  syphil¬ 
itic.  Autopsy  four  hours  post  mortem.  Pallida  numerous  in  the  skin,  in  small 
numbers  in  the  liver  and  the  bile  (Proca  stain). 

Case  4.”  Mother  contracted  syphilis  seven  years  before  present  pregnancy; 
no  symptoms  at  present.  The  living  child  shows  a  roseolus  and  papular  rash 
over  legs,  trunk,  etc.  A  few  drops  of  serum  and  blood  were  expressed  from 
an  incised  macule  of  the  foot;  they  were  rich  in  spirochaetae. 

”Flexner,  Medical  News,  1905,  Ixxxvii,  1106. 

“  Idem. 
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Case  S-  Slightly  macerated  foetus  of  sixth  month.  Mother  entered  hospital 
in  the  sixth  month  of  pregnancy  on  account  of  condylomata  and  oedema  of 
vulva.  Examination  of  a  condyloma  (Proca  and  Giemsa  stain)  gave  many  pal¬ 
lida.  Abortion;  pallida  in  the  foetus. 

The  next  example  (Case  6)  it  that  of  a  slightly  macerated  foetus  of  the  eighth 
month  showing  extensive  areas  of  white  pneumonia  (adhesions  existed  between 
the  pneumonic  areas  and  the  chest  wall).  The  pneumonic  areas  showed  large 
numbers  of  the  pallida,  while  the  adjacent  non-pneumonic  lung  tissue  showed 
few  or  no  pallida  (Proca  and  Giemsa  staining).  Silver  impregnation  showed 
large  numbers  of  the  pallida  in  the  infiltrated  but  not  in  the  non-infiltrated  lung 
tissue.  Silver-impregnation  of  films  prepared  four  months  previously  and  kept 
in  the  refrigerator,  showed  many  pallida.  The  impregnation  was  less  heavy 
than  with  other  and  more  recent  films,  and  no  striking  disproportion  in  numbers 
of  the  spirochaetse  existed  between  the  aniline-stained  and  silver-impregnated 
specimens.  The  mother  of  the  foetus  showed  no  signs  of  active  syphilis,  ex¬ 
cept  a  small  ulcer  of  the  tongue,  three  or  four  millimeters  in  extent,  from  the 
depth  of  which  S.  pallida  was  obtained. 

Fragments  of  the  lung  tissue  were  kept  in  the  refrigerator 
(2°  to  4.5°  C.)  for  three  months.  At  these  temperatures,  a  slow 
autolysis  without  putrefaction  goes  forward  in  the  tissues.  At  the 
end  of  one  month,  the  tissues  were  much  softened  and  disintegrated, 
but  the  pallida  were  little,  if  at  all,  altered  in  form  and  staining 
properties.  At  the  expiration  of  three  months,  the  tissues  were 
still  further  softened  and  disorganized  (no  putrefaction)  and  no 
pallida  could  be  stained.  This  observation  bears  upon  the  resistance 
displayed  by  the  pallida  to  the  destructive  action  of  the  autolytic 
ferments. 

Our  knowledge  of  the  viability  of  the  pallida  outside  the  body  is 
very  imperfect.  I  am,  for  this  reason,  led  to  record  the  following 
instance  in  which  the  virus  was  able  to  produce  infection  in  a 
macac  species  of  monkey  after  the  excised  chancre  had  been  kept 
in  the  refrigerator  for  twenty-four  hours. 

Viability  of  S.  pallida  and  Recurrent  Syphilitic  Lesion  in  the  Monkey. — A 
chancre  of  the  vulva  was  excised  December  31,  1905,  under  cocaine  anaesthesia. 
Films  showed  a  moderate  number  of  pallida.  Accidental  circumstances  required 
the  tissue  to  be  kept  in  the  refrigerator  until  the  next  day  before  inoculation  of 
a  monkey  could  be  carried  out.  The  inoculation  was  made  into  the  right  eye¬ 
brow.  The  scarifications  healed  in  three  or  four  days.  Twenty-four  days  after 
inoculation,  a  small,  elevated  induration  appeared  at  the  site  of  inoculation,  which 
gradually  increased  and  extended  until  it  reached  2.5  cm.  in  extent.  Scales 
and  later  crusts  formed  over  the  surface  which  on  removal  showed  an  ulcerated 
area.  A  small  portion  of  the  node  was  excised  for  examination.  The  his- 
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tology  was  that  of  experimental  chancre  in  the  monkey.  A  slow  and  gradual 
recession  of  the  lesion  occurred,  until  at  the  tenth  week,  only  a  small  indurated 
area  remained.  After  a  brief  quiescent  period,  a  new  growth  began,  which,  at  the 
end  of  the  twelfth  week  equalled  the  original  tumefaction.  After  a  second  sta¬ 
tionary  period,  the  growth  began  again  to  recede  about  the  sixteenth  week,  and 
finally  quite  disappeared.  The  histology  of  the  recurrent  lesion  was  similar 
to  the  original. 

I  shall  not  comment  further  on  these  notes  which  are  presented  as 
evidence  of  the  relationship  of  spirochaeta  pallida  to  acquired  and 
congenital  syphilis. 

ADDENDUM. 

Since  the  above  paper  has  been  in  the  hands  of  the  printer, 
Schmorl  {Dent.  med.  Woch.,  1907,  XXXIII,  876)  has  succeeded 
in  devising  a  method  for  the  demonstration  of  spirochaeta  pallida, 
in  the  tissues  of  congenitally  syphilitic  infants,  stained  by  Giemsa’s 
methods.  This  demonstration  removes  another  of  the  objections 
urged  against  the  microbrganismal  nature  of  the  spirals  and  cor¬ 
relates  still  further  the  appearances  observed  in  the  films  and  in 
the  tissues. 

Plate  XVII. 

Fig.  I.  Spirochaeta  pallida  impregnated  with  silver.  Film  prepared  from 
the  skin  of  a  macerated,  congenitally  syphilitic  foetus.  Magnification,  1,000 
diameters. 

Fig.  2.  From  the  same  film  as  Fig.  i.  Magnification  2,000  diameters. 
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